esp@cenet document view 



Page 1 of 1 



EPITAXIAL SILICON WAFER FREE FROM AUTODOPING AND BACKSIDE HALO 



Patent number: 
Publication date: 

Inventor: 
Applicant: 
Classification: 
- international: 



- european: 
Application number: 
Priority number(s): 



JP2003532612T 
2003-11-05 



C23C16/02; C23C16/458; C30B25/02; C30B25/12; 
C23C16/02; C23C1 6/458; C30B25/02; C30B25/12; 

(IPC1-7): C30B29/06; C23C1 6/458; C30B25/12; 
H01L21/205 

C23C16/02D; C23C1 6/458 D2B; C30B25/02; C30B25/12 

JP2001 058261 8T 20010423 

US20000752222 20001229; WO2001US13046 
20010423 



00 

m 
in 



Report a data error here 



Abstract not available for JP2003532612T 
Abstract of corresponding document: WO01 86035 

A single crystal silicon wafer with a back 
surface free of an oxide seal and substantially 
free of a chemical vapor deposition process 
induced halo and an epitaxial silicon layer on 
the front surface, the epitaxial layer is 2 
characterized by an axially symmetric region 
extending radially outwardly from the central 
axis of the wafer toward the circumferential 
edge of the wafer having a substantially 
uniform resistivity, the radius of the axially 
symmetric region being at least about 80 % of 
the length of the radius of the wafer. 
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surface free of an oxide seal and substantially 
free of a chemical vapor deposition process 
induced halo and an epitaxial silicon layer on 
the front surface, the epitaxial layer is 
characterized by an axially symmetric region 
extending radially outwardly from the central 
axis of the wafer toward the circumferential 
edge of the wafer having a substantially 
uniform resistivity, the radius of the axially 
symmetric region being at least about 80 % of 
the length of the radius of the wafer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is a single crystal silicon wafer. A front front face and a back front face almost perpendicular to 
a medial axis and a medial axis, They are a perimeter edge and the silicon wafer base material which has the 
radius which extends on the perimeter edge of a wafer from a medial axis. This back front face does not 
have an oxide seal, and does not have a chemical-vacuum-deposition process induction halo substantially. 
The silicon wafer base material with which this silicon wafer base material changes including P type or an N 
type dopant atom; it reaches. Resistivity substantially [ uniform ] It is an epitaxial silicon layer on the front 
front face of the silicon wafer base material characterized by the axial symmetry field which extends 
outward in radial on the perimeter edge from a medial axis. Epitaxial silicon layer of which the radius of a 
silicon wafer base material is [ the radius of this axial symmetry field ] about 80% at least, and this epitaxial 
silicon layer consists including P type or an N type dopant atom; 
The single crystal silicon wafer which **** and changes. 

[Claim 2] The single crystal silicon wafer according to claim 1 with which a front front face and a back front 
face have a specular gloss. 

[Claim 3] The single crystal silicon wafer according to claim 1 from which the resistivity of an axial 
symmetry field changes at less than about 1 0%. 

[Claim 4] The single crystal silicon wafer according to claim 1 from which the resistivity of an axial 
symmetry field changes at less than about 5%. 

[Claim 5] The single crystal silicon wafer according to claim 1 from which the resistivity of an axial 
symmetry field changes at less than about 2%. 

[Claim 6] The single crystal silicon wafer of the radius of a silicon wafer base material according to claim 1 
whose radius of an axial symmetry field is about 85% at least. 

[Claim 7] The single crystal silicon wafer of the radius of a silicon wafer base material according to claim 1 
whose radius of an axial symmetry field is about 90% at least. 

[Claim 8] The single crystal silicon wafer of the radius of a silicon wafer base material according to claim 1 
whose radius of an axial symmetry field is about 95% at least. 

[Claim 9] The single crystal silicon wafer according to claim 1 whose radius of an axial symmetry field is 
about 100% of a radius of a silicon wafer base material. 

[Claim 10] The single crystal silicon wafer according to claim 1 whose radius of a silicon wafer base 
material is about 50mm at least. 

[Claim 11] The single crystal silicon wafer according to claim 1 whose radius of a silicon wafer base 
material is about 75mm at least. 

[Claim 12] The single crystal silicon wafer according to claim 1 whose radius of a silicon wafer base 
material is about 1 00mm at least. 

[Claim 13] The single crystal silicon wafer according to claim 1 whose radius of a silicon wafer base 
material is about 1 50mm at least. 

[Claim 14] The single crystal silicon wafer according to claim 1 which is the thickness whose epitaxial 
silicon layer is about 0. 1 micrometers - about 200 micrometers. 

[Claim 15] The single crystal silicon wafer according to claim 1 which is the thickness whose epitaxial 
silicon layer is about 1 micrometer - about 100 micrometers. 

[Claim 16] The single crystal silicon wafer according to claim 1 which is the thickness whose epitaxial 
silicon layer is about 2 micrometers - about 30 micrometers. 

[Claim 17] The single crystal silicon wafer according to claim 1 which is the thickness whose epitaxial 
silicon layer is about 3 micrometers. 
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[Claim 18] The single crystal silicon wafer according to claim 14 with which an epitaxial silicon layer is 
characterized by the 0.5mm x 0.5mm nano topography which is less than about 1% of the thickness of an 
epitaxial silicon layer. 

[Claim 19] The single crystal silicon wafer according to claim 14 with which an epitaxial silicon layer is 
characterized by the 0.5mm x 0.5mm nano topography which is less than about 0.7% of the thickness of an 
epitaxial silicon layer. 

[Claim 20] The single crystal silicon wafer according to claim 14 with which an epitaxial silicon layer is 
characterized by the 0.5mm x 0.5mm nano topography which is less than about 0.3% of the thickness of an 
epitaxial silicon layer. 

[Claim 21] The single crystal silicon wafer according to claim 14 with which an epitaxial silicon layer is 
characterized by the 2mm x 2mm nano topography which is less than about 1% of the thickness of an 
epitaxial silicon layer. 

[Claim 22] The single crystal silicon wafer according to claim 14 with which an epitaxial silicon layer is 
characterized by the 2mm x 2mm nano topography which is less than about 0.7% of the thickness of an 
epitaxial silicon layer. 

[Claim 23] The single crystal silicon wafer according to claim 14 with which an epitaxial silicon layer is 
characterized by the 2mm x 2mm nano topography which is less than about 0.3% of the thickness of an 
epitaxial silicon layer. 

[Claim 24] The single crystal silicon wafer according to claim 14 with which an epitaxial silicon layer is 
characterized by the 10mm x 10mm nano topography which is less than about 3% of the thickness of an 
epitaxial silicon layer. 

[Claim 25] The single crystal silicon wafer according to claim 17 with which an epitaxial silicon layer is 
characterized by less than about 60nm 2mm x 2mm nano topography. 

[Claim 26] The single crystal silicon wafer according to claim 17 with which an epitaxial silicon layer is 
characterized by less than about 40nm 2mm x 2mm nano topography. 

[Claim 27] The single crystal silicon wafer according to claim 17 with which an epitaxial silicon layer is 
characterized by less than about 20nm 2mm x 2mm nano topography. 

[Claim 28] The single crystal silicon wafer according to claim 1 7 with which an epitaxial silicon layer is 
characterized by less than about lOnm 2mm x 2mm nano topography. 

[Claim 29] The single crystal silicon wafer according to claim 1 with which a silicon wafer base material 
and an epitaxial silicon layer have the electrical resistivity of about 100-ohmcm - about 0.005-ohmcm. 
[Claim 30] The single crystal silicon wafer according to claim 1 which a silicon wafer base material has the 
electrical resistivity of about 0.01-ohmcm - about 0.03-ohmcm, and has the electrical resistivity whose 
epitaxial silicon layer is about 1 -ohmcm - about 20-ohmcm. 

[Claim 31] The single crystal silicon wafer according to claim 1 which a silicon wafer base material has the 
electrical resistivity of about 0.005-ohmcm - about 0.01-ohmcm, and has the electrical resistivity whose 
epitaxial silicon layer is about 1 -ohmcm - about 20-ohmcm. 

[Claim 32] A silicon wafer base material Longitudinal plane of symmetry parallel to the front front face and 
back front face between a before front face and a back front face; 

The front surface layer which consists of a front front face including the field of the wafer which extends in 
the distance Dl of about 10 micrometers at least toward a longitudinal plane of symmetry; it reaches. Bulk 
layer which consists of a longitudinal plane of symmetry including the field of the wafer which extends in a 
front surface layer; 

It has and grows into a pan and; silicon wafer base material Have ununiformity distribution of a crystal- 
lattice hole and it sets to this distribution, (a) A bulk layer has crystal-lattice hole concentration higher than a 
front surface layer, (b) crystal-lattice hole It has the concentration profile which has the peak concentration 
of a crystal-lattice hole a longitudinal plane of symmetry or near the longitudinal plane of symmetry, and 
concentration of (c) crystal-lattice hole is characterized by decreasing mostly toward the front front face of a 
wafer from the location of peak concentration.; 
A single crystal silicon wafer according to claim 1 . 

[Claim 33] The single crystal silicon wafer according to claim 32 whose Dl is about 50 micrometers - about 
100 micrometers. 

[Claim 34] A silicon wafer base material Longitudinal plane of symmetry parallel to the front front face and 
back front face between a before front face and a back front face; 

The front surface layer which consists of a front front face including the field of the wafer which extends in 
the distance Dl of about 10 micrometers at least toward a longitudinal plane of symmetry; it reaches. Bulk 
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layer which consists of a longitudinal plane of symmetry including the field of the wafer which extends in a 
front surface layer; 

It has and grows into a pan and; silicon wafer base material Have ununiformity distribution of an oxygen 
sludge and it sets to this distribution, (a) A bulk layer has oxygen sludge concentration higher than a front 
surface layer, (b) oxygen sludge It has the concentration profile which has the peak concentration of an 
oxygen sludge a longitudinal plane of symmetry or near the longitudinal plane of symmetry, and 
concentration of (c) oxygen sludge is characterized by decreasing mostly toward the front front face of a 
wafer from the location of peak concentration.; 
A single crystal silicon wafer according to claim 1 . 

[Claim 35] The single crystal silicon wafer according to claim 34 whose Dl is about 50 micrometers - about 
100 micrometers. 

[Claim 36] At a chemical-vacuum-deposition room, it is the approach of growing up an epitaxial silicon 
layer on a silicon wafer base material, and this silicon wafer base material has a front front face and a back 
front face, and this approach Substantially [ the front front face of a silicon wafer base material, and a 
silicon wafer base material ], all backward front faces are contacted in clarification gas, and an oxide layer is 
removed from the front front face and back front face of a silicon wafer base material.; 
; Grow up an epitaxial silicon layer into the front front face of a silicon wafer base material, and reach, after 
removing an oxide layer. The number of the out-diffusion dopant atoms from the back front face of the 
silicon wafer base material which introduced purge gas into the chemical-vacuum-deposition room, and was 
built into the epitaxial silicon layer between growth of an epitaxial silicon layer is decreased.; 
How to change including things. 

[Claim 37] The approach according to claim 36 clarification gas is hydrogen or hydrogen / hydrochloric- 
acid mixture. 

[Claim 38] purge gas - nitrogen, an argon, hydrogen, and SiC14, SiHCB and SiH2 — C12 and SiH3 — the 
approach according to claim 36 chosen from CI, SiH4, and the group that consists of those mixture. 
[Claim 39] The approach according to claim 36 of being the thickness whose epitaxial layer is about 0.1 
micrometers - about 200 micrometers. 

[Claim 40] The approach according to claim 36 of being the thickness whose epitaxial layer is about 1 
micrometer - about 1 00 micrometers. 

[Claim 41] The approach according to claim 36 of being the thickness whose epitaxial layer is about 2 
micrometers - about 30 micrometers. 

[Claim 42] The approach according to claim 36 of being the thickness whose epitaxial layer is about 3 
micrometers. 

[Claim 43] The approach according to claim 42 that an epitaxial layer is characterized by less than about 
60nm 2mm x 2mm nano topography. 

[Claim 44] The approach according to claim 42 that an epitaxial layer is characterized by less than about 
40nm 2mm x 2mm nano topography. 

[Claim 45] The approach according to claim 42 that an epitaxial layer is characterized by less than about 
20nm 2mm x 2mm nano topography. 

[Claim 46] The approach according to claim 42 that an epitaxial layer is characterized by less than about 
lOnm 2mm x 2mm nano topography. 

[Claim 47] ; Heat at least the single crystal silicon wafer which has a silicon wafer base material and an 
epitaxial silicon layer, and changes in immersion temperature of about 1 175 degrees C, and reach. The 
heated epitaxial wafer is cooled at about 10 degrees C/second in rate at least.; 
The approach according to claim 36 of changing including things further. 

[Claim 48] The method according to claim 47 of exposing a single crystal silicon wafer to the oxidizing 
atmosphere which changes between heating including 02, the reducing atmosphere which changes 
including H2, or the inert atmosphere which changes including Ar. 

[Claim 49] The approach according to claim 47 a cooling rate is about 15 degrees C/second at least. 
[Claim 50] The approach according to claim 47 the average cooling rate of a wafer is about 1 5 degrees 
C/second at least in case a wafer is cooled from immersion temperature to temperature lower about 150 
degrees C than immersion temperature. 

[Claim 51] The approach according to claim 47 a cooling rate is about 20 degrees C/second at least. 
[Claim 52] The approach according to claim 47 the average cooling rate of a wafer is about 20 degrees 
C/second at least in case a wafer is cooled from immersion temperature to temperature lower about 150 
degrees C than immersion temperature. 
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[Claim 53] The approach according to claim 47 a cooling rate is about 50 degrees C/second at least. 
[Claim 54] The approach according to claim 47 the average cooling rate of a wafer is about 50 degrees 
C/second at least in case a wafer is cooled from immersion temperature to temperature lower about 1 50 
degrees C than immersion temperature. 

[Claim 55] It is equipment used for the chemical- vacuum-deposition process which grows up an epitaxial 
silicon layer on a silicon wafer base material. This equipment It is the susceptor made into the magnitude 
and the gestalt supporting a silicon wafer. Susceptor this susceptor has the front face which has the opening 
consistency of about 0.2 openings / cm2 - about 4 openings / cm2, this front face has the relation faced 
almost in parallel with a silicon wafer, a fluid flows through this front face, and the back front face and fluid 
of a silicon wafer enable it to contact; 
Equipment which **** and changes. 

[Claim 56] Equipment according to claim 55 the silicon wafer supported by the susceptor has the front face 
which has opening, and the relation which opened spacing. 

[Claim 57] Equipment according to claim 55 which a silicon wafer supports with an annular-among 
susceptors shelf. 

[Claim 58] Equipment according to claim 55 which enables a lift pin to have a lift pinhole on the front face 
on which a susceptor has two or more openings, and to pass through a susceptor on it. 

[Claim 59] Equipment according to claim 55 which has the diameter whose opening is about 0.1mm - about 
3mm. 

[Claim 60] Equipment according to claim 55 which has the diameter whose opening is about 0.1mm - about 
lmm. 

[Claim 61] Equipment according to claim 55 which has the diameter whose opening is about 0.5mm - about 
lmm. 

[Claim 62] Equipment according to claim 55 which has opened spacing whose opening is about 2mm - 
about 20mm. 

[Claim 63] Equipment according to claim 55 which has opened spacing whose opening is about 6mm - 
about 15mm. 

[Claim 64] Equipment according to claim 55 with which this front face has about 0.8 openings / cm2 - about 
1 .75 openings / cm2. 

[Claim 65] Equipment according to claim 55 whose sum total percent of the opening field in this front face 
is about 0.5% - about 4%. 

[Claim 66] Equipment according to claim 55 whose sum total percent of the opening field in this front face 
is about 1% - about 3%. 

[Claim 67] Equipment according to claim 55 which puts a silicon wafer on the front face which has opening 
directly. 

[Claim 68] It is equipment used for the epitaxial vacuum evaporationo process which grows up an epitaxial 
layer on a silicon wafer base material, and this silicon wafer base material has a front front face and a back 
front face, and this equipment Room; 

Wafer support device as for which supports a silicon wafer base material and the front front face of a silicon 
wafer base material and a silicon wafer base material make substantial contact in all backward front faces 
and a fluid possible; 

Rotation means supporting a wafer support device and a silicon wafer base material; 
Exoergic element; 

The gas inlet which puts washing gas, source gas, and purge gas into equipment; it reaches. Gas outlet to 
which washing gas, source gas, and purge gas are taken out from equipment; 
Equipment which **** and changes. 

[Claim 69] Equipment according to claim 68 which has ****** further and changes. 

[Claim 70] Equipment according to claim 68 with which a wafer support device is the susceptor which has 
the front face which has the opening consistency of about 0.5 openings / cm2 - about 2 openings / cm2, this 
front face has the relation faced almost in parallel with a silicon wafer, a fluid flows [ this opening ] through 
it, and all backward front faces and a fluid enable it to contact substantially [ a silicon wafer ]. 
[Claim 71] Equipment according to claim 70 the silicon wafer supported by the susceptor has the front face 
which has opening, and the relation which opened spacing. 

[Claim 72] Equipment according to claim 70 which a silicon wafer supports with an annular-among 
susceptors shelf. 

[Claim 73] Equipment according to claim 70 which has a marginal ring surrounding the perimeter of a 
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susceptor further, and changes. 

[Claim 74] Equipment according to claim 70 which has the diameter whose opening is about 0.1mm - about 
3mm. 

[Claim 75] Equipment according to claim 70 which has the diameter whose opening is about 0.1mm - about 
lmm. 

[Claim 76] Equipment according to claim 70 which has the diameter whose opening is about 0.5mm - about 
lmm. 

[Claim 77] Equipment according to claim 70 which has opened spacing whose opening is about 2mm - 
about 20mm. 

[Claim 78] Equipment according to claim 70 which has opened spacing whose opening is about 6mm - 
about 15mm. 

[Claim 79] Equipment according to claim 70 with which this front face has about 0.8 openings / cm2 - about 
1 .75mm opening / cm2. 

[Claim 80] Equipment according to claim 70 whose sum total percent of the opening field of this front face 
is about 0.5% - about 4%. 

[Claim 81] Equipment according to claim 70 whose sum total percent of the opening field of this front face 
is about 1% - about 3%. 

[Claim 82] Equipment according to claim 68 which a wafer support device is the susceptor which has at 
least three pins which extend from a susceptor, and a silicon wafer supports on this pin. 
[Claim 83] Equipment according to claim 82 which has a marginal ring surrounding the perimeter of a 
susceptor further, and changes. 

[Claim 84] Equipment according to claim 68 with which a wafer support device has at least three pins, and 
changes. 

[Claim 85] Equipment according to claim 84 which has a marginal ring surrounding the perimeter of a 
silicon wafer further, and changes. 

[Claim 86] Equipment according to claim 68 whose wafer support device is a ring support. 
[Claim 87] Equipment according to claim 86 with which a ring support has the outside annular part which 
adjusts a crystal slip, and changes between an annular shelf while supporting a silicon wafer, and epitaxial 
vacuum evaporationo. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

(Technical field) 

Generally this invention relates to manufacture of the semiconductor material base material used for 
manufacture of electronic parts, especially a silicon wafer. Especially this invention relates to the single 
crystal silicon wafer which has the epitaxial silicon layer which has a back front face without the autodoping 
and the halo which decreased, and changes. 
[0002] 

(Background technique) 

or [ using a dopant for polycrystalline silicon first in manufacture of the single crystal silicon grown up with 
the Czochrlski method ] — or it is not used but melting is carried out by the quartz crucible. After 
polycrystalline silicon fuses and temperature reaches a balance, seed crystal is dipped in melt, next it pulls 
up, rotating a quartz crucible, and a single-crystal-silicon ingot is formed. Next, the completion silicon wafer 
which has the front front face of the specular gloss is obtained, slicing a single-crystal -silicon ingot to each 
silicon wafer, and applying them to some down stream processing which includes wrapping/grinding, 
etching, and polish. In addition to polish on the front face of front, many device manufacturers also need the 
front face after polish of the specular gloss (generally such a wafer is called "double-sided polish"). In order 
to manufacture the completion wafer for device manufacture, generally the film of silicon with a thickness 
of about 0.1 micrometers - about 200 micrometers can be formed in the front front face of a wafer, being 
able to cover a wafer over a chemical-vacuum-deposition process like an epitaxial vacuum evaporationo 
process, and a device can be directly manufactured on an epitaxial layer by it. The conventional epitaxial 
vacuum evaporationo process is indicated by U.S. Pat. No. 5904769 and No. 5769942. 
[0003] 

Generally an epitaxial vacuum evaporationo process changes including two phases. In a first stage story, 
after load a vacuum evaporationo room with silicon and take down on a susceptor, the front front face of a 
wafer be expose to clarification gas like hydrogen or hydrogen / hydrochloric acid mixture at about 1 1 50 
degrees C, "preliminary printing" be carry out, the front front face of a silicon wafer be make into 
clarification, the natural oxide (natural oxidation object) of this front face be remove, and an epitaxial silicon 
layer make it possible continuous on a front front face, and to grow up to be homogeneity. Expose the front 
front face of a wafer to a source of steamy silicon like a silane or trichlorosilane by about 800 degrees C or 
more than it, a front front face is made to vapor-deposit the epitaxial layer of silicon, and it is made to grow 
up in the second stage story of an epitaxial vacuum evaporationo process. In the phase of both epitaxial 
vacuum evaporationo processes, a silicon wafer is maintained by the susceptor in an epitaxial vacuum 
evaporationo room, and between these processes, generally this susceptor rotates and ensures uniform 
growth of an epitaxial layer. Generally a susceptor consists of high grade graphite, and decreases the amount 
of a contamination like the iron which has a wrap silicon carbide layer completely and is emitted to a 
surrounding environment from graphite between elevated-temperature processes in graphite. The general 
susceptor used in an epitaxial growth process is known for the time being in the fields, and is indicated by 
U.S. Pat. No. 4322592, No. 4496609, No. 5200157, and No. 5242501. 
[0004] 

while taking down a wafer on a susceptor between loading processes, gas catches between the conventional 
susceptor and a wafer - having - consequently, a wafer — "-- in the location which is not floated, " carried 
out and meant, it slides in on a susceptor (for example, it has come out from the hollow "pocket" partially). 
This may produce uneven epitaxial growth. Furthermore, little clarification gas, for example, hydrogen, can 
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ooze and (effuse) carry out between preliminary printing phases to the perimeter of the edge of a wafer and 
the wafer between susceptors, and the tooth space between a wafer and a susceptor. When carrying out the 
seal of the back front face of a wafer in an oxide layer (generally thickness of about 3000A - about 5500A), 
exudation hydrogen does not fully react with an oxide layer, a pinhole is formed in a layer, or an oxide layer 
is removed completely. A back front face is a front face for which many device manufacturers ask and 
which was etched or (chemical engraving) ground. When it has only a thin natural oxide layer (generally 
about 15A - about 3 OA), Generally hydrogen or hydrogen / hydrochloric-acid mixture removes completely 
the natural oxide layer near the rim on the front face of back which is the location where clarification gas 
exudes around a wafer. Pinhole opening is formed in a natural oxide layer, and while etching moves inside 
from the rim of a wafer, a silicon front face is exposed. Generally these pinholes are formed in the ring 
domain inside the perimeter edge of a wafer. 
[0005] 

Between epitaxial vacuum evaporationo processes, the little source gas of silicon content may also ooze out 
to the tooth space between the surroundings of the edge of a wafer and the wafer between susceptors, and a 
wafer and a susceptor. When the oxide seal of the back front face of a wafer is carried out, the nucleation of 
a silicon coat and growth are controlled substantially. The smooth continuation layer of silicon grows in the 
field to which the natural oxide layer was completely etched by clarification gas. However, the pinhole of a 
natural oxide layer exposes a silicon wafer, makes the source gas of silicon content adhere to the silicon in a 
pinhole, and mikes an ununiformity silicon coat form in an after [ a wafer ] front face between epitaxial 
vacuum evaporationo in the field to which clarification gas has not removed the natural oxide layer 
completely. Therefore, the pinhole formed between preliminary printing phases at the natural oxide layer 
may produce growth of the discontinuity silicon which blooms cloudy and is visible to a back front face 
under bright lighting about the wafer which has etching which has only a natural oxide layer, or a front face 
after polish, it can set on the back front face of a wafer - this - it blooms cloudy (mist) or "the halo of 
silicon with a diameter [ of about 0.5 micrometers ] and a height of about lOnm" is small — it swells 
(growths) or consists of upheaval (bumps). The swelling of these silicon scatters light and produces 
cloudiness, and since the machine image and optical pyrometry system which inspect the back front face of 
a wafer between device processings are barred, it is thought that it is not desirable. A halo can be especially 
seen with the naked eye with the laser sir FISU scanner in the bottom of a bright light, and the after [ the 
specular gloss ] front face of a double-sided polish wafer (refer to drawing 12 A). On the other hand, the 
comparatively coarse back front face of a single surface polish wafer produces diffusion dispersion of 
significant extent of the reflected light, and decreases generating of a halo. 
[0006] 

Other problems which meet between elevated-temperature growth of an epitaxial silicon layer are the out- 
diffusion of the boron in the back front face of a silicon wafer in the case of elevated-temperature 
preliminary printing and an epitaxial growth step, or a dopant atom like phosphorus. In the case of the 
conventional susceptor, the dopant atom which carries out out-diffusion can exude toward the front front 
face of a wafer between the edge of a wafer, and a susceptor from a back front face. It is included in the 
vacuum evaporationo layer which is growing, and pollutes, and these dopant atoms decrease the resistivity 
homogeneity near the edge of a wafer. When the oxide seal of the back front face of a silicon wafer is 
carried out, out-diffusion of the dopant atom is not substantially carried out from a back front face. 
However, the silicon wafer which has a front face after etching or polish receives the out-diffusion of the 
dopant atom from the back front face between epitaxial vacuum evaporationo processes, and produces the 
autodoping on the front face of front which is not desirable by it. 
[0007] 

Some proposals are made about the attempt which removes a back surface halo and autodoping. In order to 
remove a back surface halo, Nakamura (Japan non-examined patent application No. 16844 [ 1 1 to ]) is 
indicating performing the hydrogen fluoride strip on the front face of back, and/or an elevated-temperature 
hydrogen annealing process, even ten days before loading an epitaxial reactor with a wafer. This approach 
increases down stream processing and makes the complexity and cost of a vacuum evaporationo process 
increase considerably. Deaton and others (U.S. Pat. No. 5960555) is indicating the approach of preventing 
the source gas of front surface reactivity exuding on an after [ a wafer ] front face, by using the susceptor 
which has a built-in channel along the edge of the wafer which guides purge gas flow to the edge of a wafer. 
This approach needs the substantial alteration of a current epitaxial vacuum evaporationo room, the purge 
gas flow which increased is used for it, by this, purge gas leaks out on a front front face, it mixes with 
source gas, and it may collapse the obtained epitaxial coat. 
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[0008] 

In order that Hoshi (Japan non-examined patent application No. 87250 [ 1 1 to ]) may decrease autodoping, it 
carries out vacuum suction on the edge of a susceptor, discharges the fluorine dopant of the edge of a 
susceptor, and is indicating preventing autodoping. This approach affects the homogeneity of the edge of a 
wafer, and thickness, and needs to add a substantial alteration to a current epitaxial vacuum evaporationo 
system. It has a slot on the edge of a susceptor, the dopant atom which carried out out-diffusion by it goes 
downward through a slot, and Nakamura (Japan patent application No. 223545 [ ten to ]) is indicating the 
alteration susceptor included in an exhaust pipe (exhaust). This approach also makes most quantity of 
vacuum evaporationo gas discharge down the back front face of a wafer, and may produce the 
aforementioned halo operation, the early corrosion of a discharge system, and the problem of safety. 
[0009] 

Therefore, the approach of controlling the autodoping problem relevant to the halo operation in the back 
front face of a silicon wafer between current and an epitaxial vacuum evaporationo process and the dopant 
out-diffusion from a back front face is not satisfactory, therefore, in semi-conductor industry, the autodoping 
which is not desirable as for the halo operation between epitaxial vacuum evaporationo processes and the 
front front face of a silicon wafer is solved — easy and the cost price ~ the efficient approach is searched for. 

[0010] 

(Indication of invention) 

Therefore, the purpose of this invention is offering the single crystal silicon wafer which has the epitaxial 
front face which has not been influenced in essence by (a) gaseous-phase autodoping, and has a back front 
face without the (b) halo. 
[0011] 

Therefore, if it says simply, this invention relates to the single crystal silicon wafer which has the radius 
which extends on the perimeter edge of a wafer, and changes from a front front face and a back front face 
almost perpendicular to a medial axis and a medial axis, a perimeter edge, and a medial axis. The back front 
face of a wafer does not have an oxide seal, and does not have substantially the halo induced by the 
chemical-vacuum-deposition process. Furthermore, a silicon wafer base material changes including P type 
or an N type dopant atom. A single crystal silicon wafer has further an epitaxial silicon layer in the front 
front face of a silicon wafer base material, and changes. The resistivity to which an epitaxial silicon layer 
extends outward in radial toward a perimeter edge from a medial axis is substantially characterized by the 
uniform axial symmetry field. The radius of an axial symmetry field is about 80%, even if there are few 
radii of a base material. An epitaxial silicon layer also changes including P type or an N type dopant atom. 
[0012] 

This invention relates also to the approach of growing up an epitaxial silicon layer on a silicon wafer base 
material, at a chemical-vacuum-deposition room. Substantially [ the front front face of a silicon wafer base 
material, and a silicon wafer base material ], this approach contacts all backward front faces in clarification 
gas, and changes including removing an oxide layer from the front front face and back front face of a silicon 
wafer base material. An epitaxial layer is grown up into the front front face of a silicon wafer base material 
after removing an oxide layer. Purge gas is introduced into a chemical-vacuum-deposition room between 
growth of an epitaxial layer, and the number of the out-diffusion dopant atoms from the back front face of 
the silicon wafer base material built into an epitaxial silicon layer is decreased. 
[0013] 

This invention relates also to the equipment which supports a silicon wafer, while growing up an epitaxial 
silicon layer according to a chemical-vacuum-deposition process. This equipment has the susceptor made 
into the magnitude and the gestalt which support a silicon wafer on a susceptor, and changes. A susceptor 
has the front face which has the opening consistency of about 0.2 openings / cm2 which has the relation 
which faces a silicon wafer and **** parallel - about 4 openings / cm2. As for opening, a fluid passes 
through this front face, it flows, and the back front face and fluid of a silicon wafer enable it to contact. 
[0014] 

This invention relates also to the equipment used for the epitaxial vacuum evaporationo process which 
grows up an epitaxial silicon layer on the silicon wafer base material which has a front front face and a back 
front face. This equipment has a rotation means supporting **, the wafer support device supporting a silicon 
wafer base material, a wafer support device, and a silicon wafer base material, and changes. A wafer support 
device enables a fluid to contact all backward front faces substantially [ the front front face of a silicon 
wafer base material, and a silicon wafer base material ]. This equipment has further the gas inlet which puts 
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an exoergic element, clarification gas, source gas, and purge gas into equipment, and the gas outlet to which 

the aforementioned gas is taken out from equipment, and changes. 

[0015] 

The part of other descriptions [ purposes and descriptions ] of this invention is clear, and a part is shown 

below. 

[0016] 

Detailed explanation of a desirable embodiment The single crystal silicon wafer which has a back front face 
without the front front face which made the epitaxial silicon layer which does not have autodoping 
substantially vapor-deposit, an oxide seal, and a halo, and changes by this invention was developed. 
[0017] 

A. Silicon wafer base material As for the start ingredient of this invention, it is desirable that it is the single 
crystal silicon wafer base material sliced from the single crystal ingot grown up by the general changing 
method of a CHOKURARU skiing crystal growth method. When the wafer base material which does not 
contain oxygen is needed, it is desirable to slice a start ingredient from the single crystal ingot grown up by 
the general changing method of a float-zone (float-zone) crystal growth method. The approach of growth of 
a silicon ingot, common silicon slicing, wrapping, etching, and polish is known for the time being in the 
fields, for example, is F. Shimura Semiconductor Silicon Crystal Technology (Academic Press, 1989) and 
Silicon Chemical It is indicated by Etching (J. the volume on Grabmaier, Springer- Verlang, New York, 
1982). 

[0018] 

When drawing 1 is referred to, the single crystal silicon wafer 1 has the wafer base material 4 with desirable 
having the radius 9 which extends on the perimeter edge 2, and consists of the perimeter edge joined to the 
virtual longitudinal plane of symmetry 7, the front front face 3, and the back front face 5 between the front 
front face 3 and the back front face 5 almost perpendicular to a medial axis 8 and this medial axis, a front 
front face, and a back front face, and a medial axis. A back front face does not have an oxide seal. Since a 
silicon wafer generally has some all thickness change (TTV), distortion, and curves, the central point 
between all the points on a front front face and all the points on a back front face should be strictly noticed 
about not becoming a flat surface. However, in fact, since there are generally very little all thickness change, 
distortion, and deflection, it can be said very in approximation that the central point becomes a front front 
face and a back front face mostly in an equidistant virtual longitudinal plane of symmetry. 
[0019] 

A wafer is made to contain one kind or the dopant beyond it, and the property of various requests can be 
given to a wafer. For example, a wafer can be a P type wafer (namely, the element from the 3rd group of the 
periodic table, for example, boron, aluminum, a gallium and an indium, the wafer most generally doped by 
boron), or an N type wafer (namely, the element from the 5th group of the periodic table, for example, 
phosphorus, an arsenic, antimony, the wafer most generally doped by phosphorus). As for a wafer, it is 
desirable that it is the P type wafer which has the resistivity of about 100-ohmcm - about 0.005-ohmcm. 
About the silicon which doped boron, the aforementioned resistivity value corresponds to the dopant 
concentration of abbreviation 2.7x1017 atom / cm3 - abbreviation 2x1019 atom / cm3, respectively. In an 
especially desirable embodiment, a wafer is a P type wafer (generally it is P ~ it is called silicon) which has 
the resistivity of about 20-ohmcm - about 1-ohmcm. In other especially desirable embodiments, a wafer is a 
P type wafer (generally called P++-silicon) which has the resistivity of about 0.01-ohmcm - 0.005-ohmcm. 
In other especially desirable embodiments, a wafer is a P type wafer (generally called P+-silicon) which has 
the resistivity of about 0.03-ohmcm - 0.01-ohmcm. 
[0020] 

The wafer manufactured using the Czochrlski method general - about — about [5x1017 atom / cm3 - ] -- 
9x1017 atom / cm3 (in other words) About 10 ppm - about 18 ppm (namely, about ten - about 18 oxygen 
atoms per all 1,000,000 atoms in a wafer) (ASTM standard F-121-80) most generally It has the oxygen 
density of abbreviation 6x1017 atom / cm3 - abbreviation 8.5x1017 atom / cm3 (namely, about 12 ppm - 
about 17 ppm). 
[0021] 

B. Epitaxial silicon layer The single crystal silicon wafer manufactured by this invention has the front face 
which made the epitaxial silicon layer vapor-deposit, and changes. The whole wafer may be made to vapor- 
deposit an epitaxial layer, or some wafers may be made to vapor-deposit it. if drawing 1 is referred to — an 
epitaxial layer 10 ~ the front front face 3 of a wafer — it is preferably vapor-deposited by the front surface 3 
whole of a wafer. It is dependent on the use which a wafer means whether it is desirable to make other parts 
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of a wafer vapor-deposit an epitaxial layer. In most applications, existence of an epitaxial layer or un- 

existing in other parts of a wafer is not limited. 

[0022] 

The single crystal silicon wafer sliced from the ingot manufactured with the Czochrlski method has a crystal 
origin pit (COP) on those front faces in many cases. However, it is required that the wafer used for 
manufacture of an integrated circuit should generally have the front face which does not have COP in 
essence. The wafer which has the front face which does not have COP in essence can be manufactured by 
making an epitaxial silicon layer vapor-deposit on the surface of a wafer. Such an epitaxial layer closes COP 
and, finally forms a smooth wafer front face. This is the subject of the latest chemical research. Schmolke et 
al. and The Electrochem. Soc. Proc. the 98 to 1st volume, and p.855(1998); — Hirofumi et al. and Jpn. J. 
Appl. Phys., the 36th volume, and p.3565 (1997) reference. Generally, COP on the front face of a wafer is 
removed by using the thickness of about 0. 1 -micrometer epitaxial silicon layer at least. Preferably, an 
epitaxial layer has the thickness of about 0. 1 micrometers or more and less than about 2 micrometers. An 
epitaxial layer has most preferably about 0.25 micrometers - about 1 micrometer of thickness of about 0.5 
micrometers - about 1 micrometer. 
[0023] 

removing COP — in addition, when using an epitaxial layer for another purpose, an epitaxial bed depth 
thicker than the desirable thickness used for such a purpose removing COP may be needed For example, in 
order to give electrical characteristics to a wafer front face, when using an epitaxial layer in addition to 
removing COP, the thickness of an epitaxial layer is about 200 micrometers of maxes. About 1 micrometer - 
about 100 micrometers of thickness of the epitaxial layer generally vapor-deposited in order to give 
electrical characteristics are about 2 micrometers - about 30 micrometers preferably. It is more desirable to 
acquire an additional request operation by the minimum thickness (for example, about 3 micrometers). 
[0024] 

As for the thickness of an epitaxial layer, it is desirable that it is uniform. As for the homogeneity of the 
thickness in all the front faces of a wafer, it is desirable that it is less than about 1% - less than about 5% of 
target thickness. Therefore, when target thickness is about 3 micrometers, as for change of the thickness on 
all the front faces of a wafer, it is desirable that it is less than about 30nm - less than about 150nm. Change 
of the thickness on all the front faces of a wafer is less than about 30nm - less than about lOOnm more 
preferably. The thickness of an epitaxial layer is Fourier. A Transform infrared spectroscopy measuring 
method (FTIR) is used, and, generally it is measured in some points on the front face of a wafer. For 
example, FTIR is used and the thickness of an epitaxial layer is measured by four (for example, point which 
separated about 90 degrees from the perimeter edge by 5- 10mm to the inside sense) near the perimeter edge 
near the core of a wafer. 
[0025] 

The second approach by which the wafer of this invention is characterized is change (change of the 
thickness in a local surface field) of the height of the front face of the wafer generally called "nano 
topography" (for example, a wafer front face can be divided into the virtual square of 0.5mm x 0.5mm, 2mm 
x 2mm, or 10mm x 10mm). Although nano topography is based mainly on wrapping, etching, and wafer 
processing like polish, change of the thickness of an epitaxial layer is also the serious cause. While the 
critical description size of photolithography (photolithography) continues decreasing, a silicon wafer must 
meet the severer nano topography criteria (the critical description size of the latest technique is about 0.15 
micrometers - about 0.18 micrometers now). The most depends change of the nano topography of an 
epitaxial silicon layer on the heat gradient in the wafer produced by the uneven heating of the wafer between 
epitaxial vacuum evaporationo processes. The serious cause of uneven heating is a comparatively large lift 
pinhole in a susceptor, and this pinhole makes different temperature from a surrounding ingredient heat the 
field of the wafer immediately on a lift pinhole. The ingredient (for example, graphite, silicon carbide, and a 
quartz) which constitutes a lift pin also makes different temperature heat the field of the upper wafer of a lift 
pin. A temperature gradient grows up an epitaxial layer at a different rate, and produces local thickness 
change (for example, 40nm, 60nm, or more than it) generally known as a pin mark. 
[0026] 

one operative condition of this invention - like - setting - the nano topography of a 0.5mm x 0.5mm field - 
- desirable — less than about 1% of the target thickness of an epitaxial layer — more — desirable — this less 
than about 0.7% of target thickness — further — desirable — this — it is less than about 0.3% of target 
thickness. Therefore, about a 3-micrometer epitaxial layer, the nano topography of a 0.5mm x 0.5mm field 
is desirable, and less than about 20nm less than about 30nm is less than about lOnm still more preferably 
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more preferably, other operative conditions of this invention — like — setting — the nano topography of a 
2mm x 2mm field - desirable - less than about 1% of the target thickness of an epitaxial layer - more - 
desirable - this less than about 0.7% of target thickness - further - desirable ~ this - it is less than about 
0.3% of target thickness. In other embodiments, the nano topography of a 10mm x 10mm field is less than 
about 3% of the target thickness of an epitaxial layer preferably. 
[0027] 

C. Epitaxial growth process The single surface polish wafer which has a front face as mentioned above after 
etching, and a double-sided polish wafer have a natural oxide layer on a front front face and a back front 
face. According to this invention, an epitaxial vacuum evaporationo process includes the front front face of a 
wafer, and removing a natural oxide layer from all backward front faces substantially, before vapor- 
depositing an epitaxial layer on a front front face. In the ambient atmosphere (most preferably oxidant non- 
********) which does not contain an oxidant in essence, as for removal of a silicon oxide layer, it is 
desirable to carry out by heating the front face of a wafer until a silicon oxide layer is removed from a front 
face, an especially desirable operative condition — like — setting — the front face of a wafer — at least — the 
temperature of about 1 100 degrees C — it heats in temperature of about 1 150 degrees C at least more 
preferably. As for this heating, it is desirable to carry out being exposed to all the forward front faces of a 
wafer and the clarification gas which changes all backward front faces, including noble gas (for example, 
helium, Ne, or Ar), H2, HF gas, HC1 gas, or those combination substantially. Clarification gas changes more 
preferably including the combination of H2, or H2 and HC1. Clarification gas essentially consists of H2 
most preferably. Although the ambient atmosphere containing N2 may be used, since the nitride which bars 
the epitaxial vacuum evaporationo to the front face performed to a degree is formed on a front face, such an 
ambient atmosphere should be noticed about it not being so desirable, the flow rate of clarification gas — at 
least — for about 10 seconds — crossing — general — about — about [ a part for 1L/-, and ] — a part for 50L/— 
it is - desirable - about - about [ a part for 10LA, and ] - it is a part for 20L/. 
[0028] 

or [ that exposure of the after / a wafer / front face to the clarification gas which removes a natural oxide 
layer decreases substantially the halo operation produced from the pinhole of a natural oxide layer ] — or it 
removes. In other words, before growing up an epitaxial layer, the after [ a wafer ] front face a halo is not in 
sight under a bright light of wafer checking or a laser SAFI scanner with the naked eye is produced by 
removing natural oxide. 
[0029] 

It is desirable to heat a wafer at the rate which does not produce a slip before removal of a natural oxide 
layer or in the meantime. Especially, when heating of a wafer is too quick, a heat gradient arises and this 
heat gradient produces sufficient internal stress to raise the various front faces in a wafer to mutual (namely, 
slip). Although the rapid heating of the wafer in about 750 degrees C - less than about 800 degrees C is not 
the serious cause of a slip, the rapid heating of an about 1 150-1200 degrees C [ about 800-900 degrees C to ] 
wafer may produce a slip. It turned out that especially the wafer (for example, wafer which is doped by 
boron and has the resistivity of about 1-ohmcm - about 100-ohmcm) doped slightly tends to receive a slip. 
In order to avoid this problem, it is desirable to heat a wafer from about 800-900 degrees C to silicon oxide 
removal temperature with the mean velocity of about 20 degrees C/second - about 35 degrees C/second. 
[0030] 

After removing a natural oxide layer from the front front face and back front face of a wafer, the flow of 
clarification gas is stopped and about 600 degrees C - about 1200 degrees C of about 1 100 degrees C of 
temperature of a reaction chamber are preferably adjusted at about 1 1 50 degrees C at least at least more 
preferably. Next, the front front face of a wafer is contacted in the source gas of silicon content, and a front 
front face is made to vapor-deposit an epitaxial layer. It has been less than about 10 seconds since the 
natural oxide layer was most preferably removed less than about 20 seconds after removing natural oxide 
and removing a natural oxide layer more preferably less than 30 seconds, and a front front face is contacted 
in source gas. After removing a silicon oxide layer, it waits to start silicon vacuum evaporationo for about 
10 seconds, the temperature of a wafer is stabilized, and it is made homogeneity. 
[0031] 

It is desirable that chemical vacuum deposition performs epitaxial vacuum evaporationo. Speaking 
generally, chemical vacuum deposition's being an epitaxial vacuum evaporationo reactor, for example, EPI. 
In a CENTURA (trademark) reactor (Applied Materials, Santa Clara, CA), it includes exposing the front 
face of a wafer in the ambient atmosphere which changes including silicon. In the desirable embodiment of 
this invention, the front face of a wafer is exposed to the ambient atmosphere which changes including the 
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volatile gas (for example, SiC14, SiHC13, SiH2C12, SiH3Cl, or SiH4) containing silicon. As for an ambient 
atmosphere, it is desirable to also contain carrier gas (most preferably H2). In one embodiment, the source 
of silicon between epitaxial vacuum evaporationo is SiH2C12 or SiH4. When using SiH2C12, as for the 
reactor pressure between vacuum evaporationo, it is desirable that they are about 500 - 760torr of 
abbreviation. When using SiH4, as for a reactor pressure, it is desirable that it is about lOOtorr. The source 
of silicon between vacuum evaporationo is SiHC13 most preferably. This is quite [ sources / of silicon / 
other ] a low price. Furthermore, the epitaxial vacuum evaporationo which uses SiHC13 can be performed in 
atmospheric pressure. Since this does not need a vacuum pump and does not have to make a reaction 
chamber strong for collapse prevention, it is advantageous. Furthermore, it is almost safe and there is little 
possibility of the air leak to a reaction chamber. 
[0032] 

It is desirable to maintain the temperature on the front face of a wafer to temperature with the sufficient 
ambient atmosphere which changes between epitaxial vacuum evaporationo including silicon to prevent to 
make a front face vapor-deposit polycrystalline silicon. Generally, as for skin temperature in the meantime, 
it is desirable that it is about 900 degrees C at least. Skin temperature is more preferably maintained at about 
1050-1 150 degrees C. Skin temperature is most preferably maintained to silicon oxide removal temperature. 
[0033] 

When vapor-depositing under atmospheric pressure, the growth rate of an epitaxial layer has preferably 
desirable about 3. 5 -micrometer about 4.0-micrometer part for /- and thing [ a part for /]. this - about [ for 
example, / the temperature of about 1050 degrees C - 1 150 degrees C, and ] - about [ a part for 1L/- and ] - 
it is the rate of flow for 20L/, and can carry out by using the ambient atmosphere which essentially consists 
of H2 [ about 2.5 mol % of SiHC13 and, and about 97.5 mol % ]. 
[0034] 

When the use which a wafer means needs making an epitaxial layer contain a dopant, it is desirable that the 
ambient atmosphere which changes including silicon also contains a dopant. For example, it is desirable that 
an epitaxial layer contains boron in many cases. Such a layer can be manufactured by introducing B-2 H6 
into an ambient atmosphere between vacuum evaporationo. It depends for the mole fraction of B-2 H6 in the 
ambient atmosphere needed for acquiring a desired property (for example, resistivity) on some factors 
[ like ] which are the amount of the p-type dopant which exists in the amount, the specific reactor, and 
specific base material of out-diffusion of boron between epitaxial vacuum evaporationo as a contamination 
from a base material, and an N type dopant, a reactor pressure, and temperature. Like a wafer base material, 
the concentration of the dopant in an epitaxial layer can be adjusted and various resistivity can be obtained. 
For example, the ambient atmosphere (about 0.03-mol B-2 [ as opposed to / Namely, / all 1 ,000,000-mol 
gas ] H6) containing about 0.03 ppm B-2 H6 is used by the pressure of the temperature of about 1 125 
degrees C, and about 1 atmospheric pressure, and the epitaxial layer which has the resistivity of about 10- 
ohmcm is obtained. 
[0035] 

Purge gas is introduced into a chemical-vacuum-deposition room, and the number of the out-diffusion 
dopant atoms from the back front face of a wafer included in the epitaxial layer which grows up to be the 
front front face of a wafer is decreased at the same time it contacts the front front face of a silicon wafer in 
the source gas of silicon content. Purge gas changes including nitrogen, an argon, hydrogen, the gas 
containing silicon like trichlorosilane, or those mixture. For example, when using the Epsikon (trademark) 
epitaxial reactor manufactured by ASM, as for purge gas, it is desirable that it is the same presentation (for 
example, mixture of trichlorosilane and hydrogen) as epitaxial vacuum evaporationo gas. general - the flow 
rate of purge gas - about - about [ a part for 1L/-, and ] - a part for 50L/-- desirable - about - about [ a 
part for 10L/-, and ] - it is a part for 20L/. 
[0036] 

or [ decreasing those inclusion to the epitaxial layer which exposes all backward front faces to purge gas 
substantially / a wafer /, diverts the out-diffusion atom from a back front face from a front front face, and is 
being vapor-deposited by it in the ring domain near the perimeter edge of a base material ] - or it removes. 
Therefore, the resistivity of an epitaxial layer is not influenced [ substantial ] by autodoping, but reduction 
of the resistivity by autodoping is less than about 2% more preferably less than about 5% less than about 
10%. If drawing 1 is referred to, the field of the epitaxial layer 10 which is not influenced [ substantial ] by 
autodoping can be characterized to radial on the perimeter edge 2 as an axial symmetry field 6 which 
extends outward from the medial axis 8 of the die length of the radius 9 of a base material which has about 
80% of radius 1 1 at least. As for the radius 1 1 of an axial symmetry field, it is desirable that it is [ of the die 
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length of the radius 9 of a base material ] about 85%, 90%, 95%, or 100% at least. 
[0037] 

Once the epitaxial layer which has desired thickness is formed, it is desirable noble gas, H2 or those 
combination, and to use only H2 more preferably and to purge the ambient atmosphere which changes 
including silicon from a reaction chamber. Next, it cools to the temperature which can be dealt with 
preferably, without doing damage (although it is generally about 800-900 degrees C or less, there is also 
equipment which can deal with a wafer at temperature quite higher than about 900 degrees C), next a wafer 
is picked out from an epitaxial vacuum evaporationo reactor. 
[0038] 

D. epitaxial vacuum-evaporationo reactor the epitaxial vacuum-evaporationo process with which the wafer 
of this invention unified some following clear phases as mentioned above — by removing a natural oxide 
layer from the front front face and back front face of :(a) wafer manufactured, and exposing the front front 
face of; (b) wafer to the source gas of silicon content, an epitaxial silicon layer is grown up into the front 
front face of a wafer, and the back front face of; and the (c) wafer is exposed to purge gas. In order to 
perform the aforementioned thing at a single epitaxial vacuum evaporationo process, the epitaxial vacuum 
evaporationo reactor of this invention is changed, and a flow of the raw gas to the front front face and back 
front face of a wafer is enabled. 
[0039] 

Generally, with a quartz, an epitaxial vacuum evaporationo reactor has a rotation means supporting the 
susceptor supporting ** generally manufactured, the gas inlet which puts raw gas into a reactor, the gas 
outlet which removes raw gas from a reactor, the exoergic element for heating of a silicon wafer, and a 
wafer, a susceptor, and a wafer, and changes. In this invention, a susceptor is transposed to all backward 
front faces substantially [ the front front face of a wafer, and a wafer ] with the wafer support device to 
which a fluid is contacted. By contacting a fluid on the front front face and back front face of a wafer, since 
"floating" between loading can be removed, it is advantageous. Furthermore, the clarification gas used for 
the preliminary printing phase of an epitaxial vacuum evaporationo process a wafer support device All 
backward front faces are contacted substantially [ a silicon wafer ], and it makes it possible to remove a full- 
natural oxide layer chemically substantially. By it or [ that the halo operation in a back front face decreases 
notably by a smooth continuation silicon layer growing between growth of the epitaxial layer at the time of 
source gas contacting the back front face of a silicon wafer ] — or it is removed. Furthermore, a wafer 
support device makes it possible to carry and discharge the dopant atom which carries out out-diffusion and 
which is contained in a silicon wafer with purge gas flow from the front front face of a wafer from the back 
front face of a wafer between epitaxial vacuum evaporationo processes. Discharge of an out-diffusion 
dopant atom prevents that most quantity of a dopant oozes out between a wafer and the edge of a susceptor, 
contacts a front front face, and produces the autodoping on the front face of front which is not desirable. 
[0040] 

A wafer support device may be what kind of gestalt to which raw gas especially clarification gas, and purge 
gas enable it to contact the back front face of a silicon wafer base material. A wafer support device can be 
made into the magnitude which can hold the silicon wafer of any diameters which include 150mm, 200mm 
and 300mm, or the wafer beyond it. A wafer support device can consist of ingredients, for example, the high 
grade graphite which has wrap silicon carbide or a glassiness carbon layer for the graphite which decreases 
the amount of the contamination emitted to a perimeter environment from graphite between elevated- 
temperature epitaxial vacuum evaporationo processes, conventionally. Generally the graphite used for 
constituting a wafer support device is about 99.99% of pure graphite most preferably about 99.9% more 
preferably about 99% at least, graphite — desirable - less than about 20 ppm sum total metal - desirable — 
iron, molybdenum, copper, and nickel - more - desirable - less than about 5 ppm sum total metal — iron, 
molybdenum, copper, and nickel are also contained especially. Generally wrap silicon carbide or a 
glassiness carbon coat has preferably about 75 micrometers - about 150 micrometers of thickness of 100 
micrometers - about 125 micrometers for graphite. Silicon carbide or a glassiness carbon coat must have 
preferably less than about 20 ppm of sum total group concentration of less than about 5 ppm like graphite. 
[0041] 

The epitaxial vacuum evaporationo reactor of this invention raises the quality of a wafer, has the arbitration 
device to which throughput is made to increase, and may change. For example, the temperature 
homogeneity in a wafer can be raised by heating beforehand the raw gas which arranges a marginal ring 
(edge ring) on the outside around a silicon wafer and/or a wafer support device, and insulates the edge of a 
wafer, and/or flows into **, before they contact a wafer front face. Furthermore, a reactor has the batch 
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(dividers) which raises separation with the source gas flow of silicon content, and purge gas flow, and may 
change. Generally a marginal ring and a batch consist of graphite covered with silicon carbide and 
glassiness carbon like a susceptor. 
[0042] 

E. perforated susceptor Perforated susceptor by which 1 . wafer appears in an inner annular shelf a specific 
gestalt or an operative condition — setting like, a wafer support device is a perforated susceptor. Reference 
of drawing 2 shows the sectional view of the perforated susceptor 12. The perforated susceptor 12 has the 
annular shelf 13 while the silicon wafer base material which has the front front face 3 and the back front 
face 5 is supportable. The perforated susceptor 12 has the porous front face 14 which has two or more hole 
or openings 15, 16, 17, 18, 19, 20, 21, and 22. The perforated susceptor used for the single wafer reactor (for 
example, Centura (trademark) reactor manufactured by Applied Materials) which has back surface robot 
handling (robotic handling) also needs the wafer lift pinholes 23, 24, and 25 (not illustrating refer to drawing 
3). On the other hand, the perforated susceptor used for the single wafer Epsilon (trademark) reactor 
manufactured by ASM or the barrel reactor with which it is loaded by the hand does not need a lift pinhole. 
The vocabulary "opening" and a "hole" is interexchangeably used in this specification, and both mean the 
opening path in the porous front face 14. The porous front face 14 which has opening is arranged 
immediately under the silicon wafer base material 4. The vocabulary the "plurality" used in this 
specification means two or the hole beyond it. Before applying a coat, holes 15, 16, 17, 18, 19, 20, 21, and 
22 are opened in the perforated susceptor 12. Clarification gas makes possible the thing of the silicon wafer 
base material 4 for which all the backward front faces 5 are contacted substantially, clarification gas reacts 
to the real target on the front face 5 of back of the silicon base material 4 with all natural oxide, and holes 
15, 16, 17, 18, 19, 20, 21, and 22 enable it to remove them between the preliminary printing phases of an 
epitaxial vacuum evaporationo process. By clarification gas, etching is also carried out substantially and the 
part on the front face of back of the silicon wafer base material 4 which touches the annular- among 
susceptors 12 shelf 13 removes substantially the natural oxide layer on the front face of back completely, in 
case clarification gas exudes between a wafer and a susceptor. or [ that removal of the natural oxide from the 
back front face 5 decreases intentionally the halo operation in the back front face of a silicon wafer in case 
the source gas which oozes out between a wafer and a susceptor and contacts the back front face 5 between 
epitaxial growth processes grows up to be a silicon front face continuously flat and smooth ] — or it 
removes. The dopant atom which carries out out-diffusion from the back front face of the silicon wafer base 
material 4 in the case of the elevated-temperature defecation phase of an epitaxial vacuum evaporationo 
process and an epitaxial vacuum evaporationo phase passes along those holes, and is discharged by purge 
gas flow or hydrogen flow, and holes 15, 16, 17, 18, 19, 20, 21, and 22 make it possible to go into a 
discharge system from the front front face 3 of the silicon wafer base material 4. Therefore, a significant 
reduction of the autodoping on the front face of front between epitaxial vacuum evaporationo processes is 
attained. 
[0043] 

Reference of drawing 3 shows the plan of the perforated susceptor 12 which has the inner annular shelf 13 
and the porous front face 9 which has two or more holes. The perforated susceptor used for the reactor 
which has back surface wafer handling also needs the wafer lift pinholes 23, 24, and 25 on the porous front 
face 14, and they enable the lift pin under the perforated susceptor 12 (not shown) to carry or lift a silicon 
wafer between epitaxial vacuum evaporationo processes and to the back at the perforated susceptor 12. The 
marginal ring 27 surrounds the perimeter of the perforated susceptor 12, and ensures temperature 
homogeneity in a silicon wafer. Generally the marginal ring 27 has a diameter larger about 4cm - about 
10cm than the perforated susceptor 12. 
[0044] 

or [ that, as for the hole of the porous front face of the perforated susceptor arranged immediately under a 
silicon wafer, silicon carbide or a glassiness carbon coat blocks a hole substantially (when being applied to a 
susceptor after making a hole in a susceptor) ] — or it is desirable to close and to have a diameter which does 
not restrict the flow of the fluid passing through a hole. This contractor understands that opening which lets 
it pass with the whole and is generally called a hole may be the form of an and also [ it is how ] where a 
square, a slot, a rhombus, or a -fluid can flow that. Opening has width of face of about 0.5mm - about 1mm 
about 0.1mm - about 1mm about 0. 1mm - about 3mm preferably. When the width of face of opening has the 
shortest distance of two angles, or circular opening, it defines as a diameter. Spacing of the hole of a 
perforated susceptor is opened so that the clarification gas used between the preliminary printing phases of 
an epitaxial vacuum evaporationo process may contact all backward front faces substantially [ a silicon 
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wafer ] and can etch, about 0.5mm - about 4cm -- more — desirable -- about 2mm - about 2cm — most — 
desirable — about 6mm - about 1.5cm — spacing ****** of the hole of a perforated susceptor — things can 
contact all backward front faces substantially [ a silicon wafer ], and clarification gas can etch all natural 
oxide from a back front face substantially by it. The sum total percent of the opening field of the perforated 
front face of a susceptor is about 1% - about 3% of the total surface area of a perforated front face more 
preferably 0.5% - about 4% of abbreviation of the total surface area of a perforated front face, the perforated 
front face of a susceptor — desirable — about 0.2 holes / cm2 - about 4 holes / cm2 » it has the consistency 
of about 0.8 holes / cm2 - about 1.75 holes / cm2 more preferably. The vocabulary the "consistency" used in 
this specification means homogeneity or an ununiformity consistency. 
[0045] 

As for the hole of a perforated susceptor, generally, it is desirable that silicon carbide or a glassiness carbon 
coat does not restrict the flow of the fluid which has the smallest possible diameter and moreover goes to the 
back front face of a silicon wafer through the hole. When the hole of a susceptor is too large, the problem of 
the nano topography on the front face of front of the wafer produced with the local temperature 
heterogeneity in a back front face may arise. A hot spot or cold spot may generate the hole of the large 
diameter in a perforated susceptor on the back front face of a silicon wafer by the direct exposure on the 
front face of back by the thermolamp arranged under the silicon wafer. Such hot spots or cold spot form a 
temperature gradient in a before [ a silicon wafer ] table front face, and may produce the ununiformity 
epitaxial silicon growth in the front front face of a silicon wafer. Ununiformity growth of an epitaxial layer 
reduces the quality of a wafer notably. The hole of a perforated susceptor can be made in a susceptor by the 
oblique angle, the possibility of formation of the hot spot which produces the direct exposure on the front 
face of back by the thermolamp and the ununiformity epitaxial growth in a front front face, or cold spot can 
be decreased farther, and it enables it to remove the dopant atom which contacted the back front face, and 
gas obtained and carried out out-diffusion through the susceptor from a back front face moreover, or 
[ decreasing further formation of the hot spot by the direct exposure of the wafer from a hole, or cold spot, 
and the possibility of generating of the temperature gradient in a silicon wafer, and decreasing the hot spot 
or cold spot produced by the lift pinhole ] — or in order to remove, the rate of a LGT power ratio of the 
thermolamp of the upper part of a silicon wafer and a lower part can be adjusted, and heating which 
maintained the balance from a LGT can be obtained. 
[0046] 

Reference of drawing 4 shows the epitaxial reaction chamber 30 used between the epitaxial growth 
processes which use the perforated susceptor 12 of this invention. The perforated susceptor 12 is attached in 
the rotation supports 31 and 32, and is made into the magnitude and the gestalt which support the silicon 
wafer base material 4 on the inside annular shelf 13 between epitaxial vacuum evaporationo processes. The 
silicon wafer base material 4 has the relation which opened the holes 15, 16, 17, 18, 19, 20, 21, and 22 and 
spacing of the porous front face 14 of the perforated susceptor 12. The lift pinhole 23 enables it to contact 
the silicon wafer base material 4 through the porous front face 14 of the perforated susceptor 12, by it, 
before an epitaxial vacuum evaporationo process and to the back, the silicon wafer base material 4 can be 
carried at the perforated susceptor 12, or a lift pin (not shown) can raise it. The epitaxial vacuum 
evaporationo room 30 also has the upper part of the perforated susceptor 12, and the thermolamp arrays 33 
and 34 for heating between the epitaxial vacuum evaporationo processes arranged caudad, respectively. Gas 
inlets 35 and 36 enable installation of the clarification gas between the preliminary printing phases of an 
epitaxial vacuum evaporationo process, by it, can introduce clarification gas into the upper part of the silicon 
wafer base material 4, and a lower part, and can raise removal of the natural oxide on the front front face 3 
of the silicon wafer base material 4, and the front face 5 of back. A gas inlet 35 introduces the source gas of 
silicon content which flows the upper part of the silicon wafer base material 4, and a gas inlet 36 introduces 
hydrogen or inert gas under the silicon wafer base material 4, the flash plate of the back front face 5 of the 
silicon wafer base material 4 is carried out, and it is made for an out-diffusion dopant atom not to go to a 
front front face between epitaxial growth steps. As shown in drawing 4, it is desirable that the gas 
introduced into the epitaxial vacuum evaporationo room flows in parallel with the front front face and back 
front face of a silicon wafer (however, an parallel flow pattern is not required). It makes it possible for the 
introduced gas to contact a front front face, and for such a flow pattern to pass a susceptor through^the hole 
on the front face of a susceptor, and to contact the back front face of a wafer, or [ that possibility that a 
silicon wafer will be lifted and will deform from an annular shelf by the gas which exudes between the edge 
of a wafer and the edge of an annular shelf since gas flows in parallel with a silicon wafer and it does not 
flow perpendicularly decreases notably ] — or it is removed. The gas introduced into ** 30 from gas inlets 
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35 and 36 is removed from ** 34 through an outlet 37. 
[0047] 

The hole of a perforated susceptor is enabled for clarification gas to pass along a perforated susceptor and to 
contact all backward front faces substantially [ a silicon wafer ] between defecation phases, and the natural 
oxide which exists on a back front face by it is removed by clarification gas. This natural oxide removal 
from a back front face enables a smooth continuation epitaxial silicon layer to grow up in every part on the 
front face of back of the silicon wafer which contacts source gas between growth of an epitaxial layer, 
therefore removes formation of the halo in a back front face substantially. Furthermore, the hole of a 
perforated susceptor carries to an outlet the dopant atom which inert gas or hydrogen makes it possible to 
contact the back front face of a wafer, and carries out out-diffusion from a back front face in both between 
defecation phases and between epitaxial growth steps by it from a silicon wafer, therefore decreases 
substantially the possibility of the autodoping on the front face of front of a wafer. 
[0048] 

2. Perforated susceptor by which wafer appears in porous front face In the alternative embodiment of this 
invention, a perforated susceptor is made into magnitude and a gestalt with which a silicon wafer appears in 
a porous front face directly, and it removes the annular shelf 13 while it is shown in drawing 4. Reference of 
drawing 5 shows the sectional view of a perforated susceptor where the silicon wafer appears in the porous 
front face directly. The back front face 5 of the silicon wafer base material 4 appears in the porous front face 
41 of the perforated susceptor 40 directly. Although the back front face 5 of the silicon wafer base material 4 
has touched as directly as the porous front face 41, the gas by which the perforated susceptor 40 flows 
caudad can pass through the porous front face 41 through holes 42, 43, 44, 45, 46, 47, 48, and 49, and can 
contact the real target of the wafer base material 4 with all backward front faces. 

[0049] 

3. perforated susceptor by which a wafer appears in a concave porosity front face others — an alternative 
operative condition — the perforated susceptor of this invention which sets like and is shown in drawing 5 — 
modification — in addition, a porous front face is used as a pan type, and it is made only for the rim of a 
silicon wafer to touch a perforated susceptor Reference of drawing 6 shows the sectional view of the 
perforated susceptor 50 where the silicon wafer appears in the porous front face 51 of the perforated 
susceptor 50 directly. The back front face 5 of the silicon wafer base material 4 appears in the porous front 
face 51 of the perforated susceptor 50 directly. The porous front face 51 is used as a pan form, the rim 2 of 
the silicon wafer base material 4 touches the porous front face 51 directly, and the remaining part on the 
front face 5 of back of the silicon wafer base material 4 is not directly in contact with the porous front face 
51 with it. Between use, holes 52, 53, 54, 55, 56, 57, and 58 make possible flow of the fluid which goes to 
the back front face of a wafer through them. 

[0050] 

This contractor understands that the perforated susceptor of this invention can be used regardless of the form 
of the susceptor used with the vacuum evaporationo reactor of the various types which include a barrel, a 
pancake, and a mini batch reactor. 
[0051] 

F. susceptor which has an extension lift pin drawing 7 — referring to — if — this invention — alternative ~ an 
operative condition — like — setting — a wafer - support — a device — the former — a susceptor — 60 — it is - 
- this - a susceptor -- setting -- at least - three » a ** - a lift -- a pin — 61 — 62 -- 63 -- all -- epitaxial -- 
vacuum evaporationo ~ a process (namely, between preliminary printing and epitaxial growth) — letting it 
pass -- having extended — a location — or — having gone up ~ (-- up — ) — a location — maintaining -- 
having . By lifting a silicon wafer above a susceptor 60, washing gas is introduced into the epitaxial vacuum 
evaporationo room 30 between preliminary printing, it contacts and removes in the natural oxide layer on 
the front face 5 of back of the wafer base material 4, and formation of a chemical- vacuum-deposition 
induction halo is prevented. Similarly, it is made for the dopant atom with which the purge gas introduced 
into the epitaxial vacuum evaporationo room 30 between growth of an epitaxial silicon layer is emitted from 
the back front face 5 not to go to the front front face 3, and the autodoping of an epitaxial silicon layer is 
prevented. 

[0052] 

G. Open type wafer support device In the alternative embodiment of this invention, a wafer is supported so 
that all backward front faces may be exposed to a direct exposure substantially [ a wafer ] from an exoergic 
element (namely, open type wafer support device). Use of the open type wafer support device in an epitaxial 
vacuum evaporationo room may be desirable depending on a specific application. For example, it is made 
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for open type wafer support to reach the vacuum evaporationo temperature of a request of a wafer quickly, 
and throughput is made to increase by it. Furthermore, from a perforated susceptor, open type wafer support 
enables it to heat a wafer to homogeneity, and gives a more uniform epitaxial layer (namely, nano 
topography which decreased). 
[0053] 

1 . Pin support One embodiment of an open type wafer support device has at least three pins which extend 
from a rotation support like the device used for Steag(trademark) SHS3000 quick heat Annie Ra, and 
changes, and this pin touches the back front face of a wafer by the inside of the perimeter edge of a wafer, 
and supports a wafer between epitaxial growth processes. Reference of drawing 8 shows the epitaxial 
reaction chamber 30 used between the epitaxial growth processes which use a pin support of this invention. 
Three pins 70, 71, and 72 are attached in the rotation support 74, and are made into the magnitude and the 
gestalt which support the silicon wafer base material 4 between epitaxial vacuum evaporationo processes. 
The epitaxial vacuum evaporationo room 34 also has the upper part of the wafer base material 4, and the 
thermolamp arrays 33 and 34 for heating between the epitaxial vacuum evaporationo processes arranged 
caudad, respectively. Gas inlets 35 and 36 enable installation of the clarification gas between the 
preliminary baking phases of an epitaxial vacuum evaporationo process, and clarification gas is introduced 
into the upper part of the silicon wafer base material 4, and a lower part by it, and they raise the natural 
oxide removal on the front front face 3 of the silicon wafer base material 4, and the front face 5 of back by 
it. A gas inlet 35 introduces the source gas of silicon content which flows the upper part of the wafer base 
material 4, and a gas inlet 36 introduces hydrogen or inert gas under the wafer base material 4, the flash 
plate of the back front face 5 of the silicon wafer base material 4 is carried out, and it is made for an out- 
diffusion dopant atom not to go to the front front face 3 between epitaxial growth steps. It also has ****** 
75 and 76, it changes, and the epitaxial vacuum evaporationo room 34 raises separation of the vacuum 
evaporationo gas from purge gas. The marginal ring 77 also has and changes on a stanchion 78 and 79, and 
the epitaxial vacuum evaporationo room 34 raises the temperature homogeneity on the front face of a wafer. 
[0054] 

2. Ring support When drawing 9 is referred to, it sets in the alternative embodiment and a wafer support 
device is Applied. It is the same ring support 80 as what is used for the Centura (trademark) quick thermal 
treatment equipment manufactured by Materials. If drawing 1 0 is referred to, the work to which it was 
desirable to which having had the annular shelf 91 while supporting the wafer base material 4, and the 
outside annular stage 92, and having changed as for the ring support 90, and the annular-this outside stage 
resembled the marginal ring extremely will be carried out, the perimeter edge of a wafer is insulated, the 
preheating of the reactant gas is carried out, and a slip is prevented. 

[0055] 

H. Effectiveness of the epitaxial vacuum deposition of this invention Some experiments were conducted and 
the approach of this invention of manufacturing the single crystal wafer of this invention, and the 
effectiveness of equipment were evaluated. For example, the general susceptor and the perforated susceptor 
were used and the epitaxial layer with a thickness of about 2.75 micrometers was vapor-deposited to the 
boron doping wafer base material with a diameter of 200mm which has the resistivity of about 0.005- 
ohmcm - about 0.01-ohmcm. When drawing 1 1 is referred to, it turns out that the wafer which has a back 
surface oxide seal had uniform resistivity substantially in the wafer front face. Similarly, the perforated 
susceptor was used and the epitaxial layer vapor-deposited to the wafer which does not have a back surface 
oxide seal also had uniform resistivity substantially in the wafer front face. However, the epitaxial layer 
vapor-deposited to the wafer which uses a general susceptor and does not have a back surface oxide seal had 
uneven resistivity in the wafer front face (most depends the " W M form of a resistivity plot as a function of a 
surface location on having operated a process variable like temperature and gas flow, in order to maintain 
resistivity to tolerance and to compensate the autodoping near the perimeter edge). If such actuation is not 
performed, a perimeter edge to about 1 0mm [ a core to ] of resistivity is substantially uniform, and it is 
thought in 10mm of the last that resistivity decreases considerably by autodoping. For example, in 10mm, 
the resistivity of an epitaxial layer can decrease [ from a perimeter edge ] depending on the difference of the 
resistivity of a base material, and the resistivity of an epitaxial layer about 10% - about 20%, about 50%, or 
more than it inside. 
[0056] 

If drawing 12 A is referred to, the Tencor(trademark) SP1 cloudiness map shows the location of a surface 
halo clearly, after being generated by vapor-depositing an epitaxial silicon layer using the conventional 
susceptor in the wafer which does not have a back surface oxide seal. On the other hand, drawing 12 B 
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shows that a halo is removed without using a back surface oxide seal by using the perforated susceptor of 

this invention. 

[0057] 

It is ADE(trademark) CR-83 when drawing 13 A is referred to. The SQM nano topography map shows 
clearly that the epitaxial layer which has about 60nm nano topography immediately on a lift pinhole is 
produced by use of the conventional susceptor. On the other hand, drawing 1 3 B shows that use of a 
perforated susceptor decreases notably the nano topography of the epitaxial layer above a lift pinhole to less 
than about 20nm. 
[0058] 

Three embodiments of the perforated susceptor which has various magnitude, spacing, and consistencies of 
a hole were evaluated about supporting a silicon wafer with a diameter of 200mm between epitaxial vacuum 
evaporationo processes, the cartridge which has the radius of about 95mm which each embodiment opened 
perpendicularly toward the lower part — it had the equidistant hole mostly. The number and magnitude of a 
hole :perforation susceptor A which was various as follows It has 274 holes (hole consistency of about 0.95 
holes / cm2) which have the diameter of about 1.32mm.; perforation susceptor B It had 548 holes (hole 
consistency of about L95 holes / cm2) which have the diameter of about 1.32mm, and; perforation susceptor 
C had 274 holes (hole consistency of about 0.95 holes / cm2) which have the diameter of about 1 .02mm. 
Each embodiment also had three lift pinholes with a diameter of about 8mm which opened spacing of about 
120 degrees in the location of about 90mm from the core of a susceptor. 
[0059] 

The aforementioned perforated susceptor was used and many silicon wafers which have a silicon epitaxial 
layer were manufactured. Each wafer did not have the autodoping on a back surface halo and the front face 
of front. The result to current shows that profits are not necessarily obtained by the difference in a hole 
consistency about a halo or autodoping. However, the nano topography in an epitaxial silicon wafer front 
face which decreased was observed in the wafer manufactured using Susceptor C (susceptor which has the 
hole of a small diameter). Especially the wafer that has the epitaxial layer with a thickness of about 3 
micrometers grown up using Susceptors A and B showed about 20nm nano topography to the front face 
immediately on a hole, and the wafer manufactured using Susceptor C showed about lOnm or the nano 
topography not more than it. 
[0060] 

I. Proper gettering single crystal silicon wafer As mentioned above, the wafer manufactured using the 
Czochrlski method has about 10 ppm - about 18 ppm oxygen density. Furthermore, depending on the 
cooling rate of a single-crystal-silicon ingot to about 750 degrees C - about 350 degrees C, an oxygen sludge 
nucleation core can be formed from the melting point (namely, about 1410 degrees C) of silicon. The heat 
treatment cycle generally used for manufacture of an electron device may also produce a deposit of oxygen 
in the silicon wafer of the supersaturation condition of oxygen. A sludge can become detrimentally and 
useful depending on the location in a wafer. The oxygen sludge which exists in the activity device field 
(namely, generally near a front face) of a wafer spoils the engine performance of a device. However, the 
oxygen sludge which exists in the bulk of a wafer can catch the metal impurity in contact with a wafer 
which is not desirable. In order to catch a metal, generally it is called the interior or proper gettering (IG) to 
use the oxygen sludge which exists in the bulk of a wafer. 
[0061] 

Historically, the production process of an electron device includes a series of phases designed so that the 
silicon which has the remaining part (namely, wafer bulk) of the wafer containing the field (generally called 
a "exposed region" or "sludge non-******") near the front face of the wafer which does not contain an 
oxygen sludge, and a sufficient number for the purpose of IG of oxygen sludges might be manufactured. An 
exposed region is formed among (a) inert gas in heat sequence of quantity-low-quantity like growth of the 
oxygen (Si02) sludge for example, in oxygen out-diffusion heat treatment in the elevated temperature (> 
1 100 degrees C) over about 4 hours, the oxygen sludge nucleation in (b) low temperature (600 degrees C - 
750 degrees C), and the (c) elevated temperature (1000 degrees C - 1 150 degrees C) at least. For example, F. 
Shimura Semiconductor Silicon Crystal Technology Refer to p.361-367 (Academic Press, Inc., San Diego 
CA, 1989) (and reference quoted by it). 
[0062] 

However, recently, the electron device manufacturing method which progressed, for example, a DRAM 
manufacturing method, makes use of a high-temperature-processing process the minimum. Although some 
of these manufacturing methods are still using sufficient elevated-temperature heat treatment phase to obtain 
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an exposed region and the bulk sludge of sufficient consistency, tolerance of an ingredient cannot use them 
as the product which is too narrow and is industrially implementable. The electron device manufacturing 
method which progressed to other current altitude does not have an out-diffusion phase at all. Therefore, 
these electron device manufacturers have to use the silicon wafer of a wafer which does not form an oxygen 
sludge anywhere under those processing conditions on account of the problem relevant to the oxygen sludge 
in an activity device field. Consequently, the possibility of IG is lost. 
[0063] 

However, this invention enables formation of the mold of the crystal-lattice hole in a wafer, and when this 
mold heat-treats a wafer, it produces distribution of the oxygen sludge of the ideal uneven depth in a wafer 
(WO 00/34999 reference exhibited on June 15, 2000 contained in this invention as a whole). Generally, 
decision whether the mold of a crystal-lattice hole is formed is partially based on the presentation of a wafer 
base material. Although formation of mold is generally unnecessary since the P type base material (for 
example, P+ and P++ base material) which especially boron increased the deposit of oxygen, consequently 
was doped seriously forms enough oxygen sludges, generally the P type base material (for example, P-base 
material) doped slightly needs formation of mold for the purpose of IG. 
[0064] 

Drawing 14 shows such one oxygen sludge distribution that can be formed by heat-treatment of the wafer 
manufactured by this invention, this specific operative condition — it sets like and the wafer base material 4 
(or [ having the epitaxial layer vapor-deposited on the front front face 3 ] — or it does not have) is 
characterized by the field 93 and 93' (exposed region) which do not contain the oxygen sludge 95. These 
fields extend in the depth of t and t' from the front front face 3 and the back front face 5, respectively. About 
10 micrometers - 100 micrometers t and f is about 50 micrometers - about 100 micrometers more 
preferably, respectively. Oxygen sludge non-****** 93 and the field 94 which contains the oxygen sludge 
of uniform concentration substantially between 93 ? exist, oxygen sludge concentration [ in / on most 
applications and / a field 94 ] - at least — about - 5x108 sludge / cm3 — more - desirable -- about — they 
are 1x109 sludge / cm3. By only showing the embodiment of one this invention, if this contractor is told 
about this invention, he should understand the purpose of drawing 14. This invention is not limited to the 
embodiment. For example, this invention is used, and the wafer which has the exposed region 93 of one ** 
can also be manufactured instead of having two exposed regions 93 and 93'. 
[0065] 

In order to form the mold of a crystal-lattice hole, generally, a wafer is heated first, next it cools at about 10 
degrees C/second in rate at least. The purpose which heats a wafer forms the self-interstitial atom in a 
crystal lattice distributed over homogeneity, and a hole pair (namely, Frenkel defect) in the whole :(a) wafer 
which is as follows, and dissolves the destabilized oxygen sludge nucleation core which exists in the (b) 
wafer. More Frenkel defects are formed, so that it heats to general more high temperature, the purpose of a 
cooling phase produces ununiformity distribution of a crystal-lattice hole — it is — this distribution — setting 
— hole concentration ~ the core of a wafer — or it is max near a core and decreases toward the front face of a 
wafer. It is thought that this ununiformity distribution of a crystal-lattice hole is produced by spreading a 
part of hole near the front face of a wafer on a front face between cooling, and disappearing by it, 
consequently producing the low concentration of the hole in near a front face. 
[0066] 

In most applications, it is desirable to heat a wafer in immersion (soak) temperature of about 1 175 degrees C 
at least. About 1200 degrees C - about 1300 degrees C are most preferably heated in immersion temperature 
of about 1225 degrees C - about 1250 degrees C. Over the temperature of a wafer having reached desired 
immersion temperature, wafer temperature is maintained at the immersion temperature to predetermined 
time. Generally desirable time amount is about 10 seconds - about 15 seconds. In the epitaxial vacuum 
evaporationo reactor of general current marketing, it is desirable to maintain a wafer to immersion 
temperature over [ about 12 seconds - ] about 15 seconds. On the other hand, in the RTA furnace of general 
current marketing, it is desirable to maintain a wafer to immersion temperature over about 10 seconds. 
[0067] 

Generally, a wafer is heated, making it expose to an ambient atmosphere. In one embodiment of this 
invention, an ambient atmosphere is an oxidizing atmosphere which changes including H20 and H2. 
However, the oxidant in an oxidizing atmosphere is oxygen gas (namely, 02 [ 300 mols / per 1,000,000 
mols of sum total gas ]) which exists in an ambient atmosphere by the concentration of about 300 ppm at 
least more preferably. About 300 ppm - about 2000 ppm of oxygen densities are about 300 ppm - about 500 
ppm most preferably. As for the remainder of an oxidizing atmosphere, it is desirable to essentially consist 
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of a silicon front face or an oxidant, and the gas that does not react, the remainder of gas ~ desirable ~ noble 
gas or N2 — more — desirable — noble gas — it essentially [ it is the most desirable and ] from Ar changes. 
As for an oxidizing atmosphere, it is desirable to be exposed to an epitaxial front face at least between 
heating. An oxidizing atmosphere is essentially more preferably exposed to all the front faces of a wafer. 
[0068] 

In other embodiments of this invention, an ambient atmosphere does not contain an oxidant in essence. As 
for an ambient atmosphere, it is desirable not to contain an oxidant in essence on account of particle 
generating produced in case it is not concerned that there is an inclination which produces the cloudiness of 
the front face of a wafer when forming the mold of a crystal-lattice hole in an epitaxial reactor (it indicates 
below), either but consideration (explosion is avoided) and the oxidant, and unreacted chlorosilicane of 
safety contact. The ambient atmosphere which does not contain an oxidant in essence can change including 
reducing gas (for example, H2) and/or inert gas (for example, noble gas like helium, Ne, Ar, Kr, and Xe). As 
for an ambient atmosphere, it is desirable to essentially consist of H2, Ar(s), and those mixture. 
[0069] 

After heat treatment of the wafer in an oxidizing atmosphere, a wafer is cooled quickly. This cooling phase 
can be performed in the same ambient atmosphere as having heat-treated to the convenient thing. Or it is 
also desirable to carry out in a wafer front face and the ambient atmosphere which does not react. It is 
desirable to cool a wafer at about 10 degrees C/second in rate at least. About 20 degrees C /of wafers are 
most preferably cooled at about 50 degrees C/second in rate a second still more preferably [ second ] about 
1 5 degrees C /at least. While the temperature of a wafer falls in the temperature requirement which a crystal- 
lattice hole diffuses through single crystal silicon, it is desirable to use this quick cooling rate. If a wafer is 
cooled by the temperature once beyond the range of temperature whose crystal-lattice hole is migratory 
comparatively, a cooling rate will not affect the deposit property of a wafer intentionally, therefore will not 
be limited. Generally, a crystal-lattice hole is migratory comparatively at temperature higher than about 
1000 degrees C. 
[0070] 

In case the temperature of a wafer falls from immersion temperature to temperature lower about 150 degrees 
C than immersion temperature in a desirable embodiment especially, the average cooling rate of a wafer is 
about 10 degrees C (desirable at least about 15 degrees C/second still more desirable at least about 20 
degrees C/second most desirable at least about 50 degrees C/(second))/second at least. In case the 
temperature of a wafer falls from immersion temperature to temperature lower about 250 degrees C than 
immersion temperature in other desirable embodiments especially, the average cooling rate of a wafer is 
about 10 degrees C (desirable at least about 15 degrees C/second still more desirable at least about 20 
degrees C/second most desirable at least about 50 degrees C/(second))/second at least. 
[0071] 

The train of for example, a high power LGT can perform heating and forced cooling in the rapid annealing 
(RTA) furnace of marketing of many which heat a wafer. A RTA furnace can heat a silicon wafer quickly. 
For example, many furnaces can heat a wafer in several seconds at 1200 degrees C from a room 
temperature. The example of a suitable commercial furnace is AG. 610 type furnaces and Applied from 
Associated (Mountain View, CA) It is CENTURA(trademark) RTP from Materials (Santa Clara, CA). 
[0072] 

Or heating and forced cooling shall be performed also in an epitaxial vacuum evaporationo reactor, however 
a desired cooling rate shall reach in a reactor. These people are EPIs about heating and a cooling phase. It 
checked that it could carry out with a CENTURA (trademark) reactor. When drawing 15 and drawing 19 are 
referred to, such a reactor has the susceptor 101 supporting a wafer. The susceptor 101 is attached in the arm 
103 of the susceptor support shaft 105 attached in the lumen 106 of the wafer lift shaft 107 in sliding fixed. 
The wafer lift shaft is attached for perpendicular movement in tubed opening of the lower part dome (not 
shown) of a reactor. The pneumatic pressure mechanism (not shown) which is together or moves 
perpendicularly the susceptor support shaft 105 and the wafer lift shaft 107 to independence if needed can 
be used. This mechanism can be used also for rotating the susceptor support shaft 105 of a lumen 106, and 
rotating a susceptor 101 and a wafer by it. A susceptor is attached in opening of a susceptor possible 
[ sliding ], and has the hard pin 109 which engages with the stop 1 1 1 of a wafer lift shaft in those lower part 
ends. The upper part end of a pin 109 can support a wafer. Generally, a pin 109 is in a reactor, or it is used 
only in order to support a wafer between the migration from a reactor. 
[0073] 

EPI A wafer is carried to a reactor with the blade 113 made into the magnitude which suits between the hard 
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pins 109 in order to arrange a wafer for heat treatment in a CENTURA (trademark) reactor (refer to drawing 
19). The susceptor support shaft 105 and the wafer lift shaft 107 move to the orientation shown in drawing 
16 from the exchange location shown in drawing 15 upward. Upward migration of the susceptor support 
shaft 105 makes a pin 109 (it engages with the wafer lift shaft 106) engage with the back front face of a 
wafer, and lifts a wafer from a blade 113. Next, a blade is removed from a reactor. If drawing 17 is referred 
to next, while the wafer lift shaft 107 had been made to stand it still, the susceptor support shaft 105 will be 
moved further upward. This lets a pin 109 slide downward to a susceptor 101 until the upper front face of a 
susceptor 101 touches a wafer. Next, a susceptor 101 supports a wafer. On the other hand, the support shaft 
105 continues moving upward until a susceptor 101 becomes a ring 115 and ******. When it becomes 
******, a susceptor is in a processing location. Next, the train (not shown) of a high power LGT is operated, 
and a wafer is heated, supporting a wafer by the susceptor 101 in a processing location. It is desirable to 
rotate a susceptor 101 and a wafer in the case of heating so that a wafer may be heated by homogeneity. 
[0074] 

It sets to the temperature whose crystal-lattice hole is migratory comparatively, and is EPI. It turned out that 
the general average cooling rate (namely, about 10 degrees C - 15 degrees C/(second)) of the wafer in a 
CENTURA (trademark) reactor tends to become quite slower than the general average cooling rate (namely, 
about 70 degrees C - 100 degrees C/(second)) obtained at a RTA furnace. This depends a part on it being 
still hot over some time amount, after heating is completed by the susceptor 101 (refer to drawing 17) which 
is in contact with the wafer. Therefore, in order to make a cooling rate quick, it is desirable to move a wafer 
to the most distant possible location from a susceptor 101. This can be immediately performed after 
termination of heating by lowering to the exchange location which shows the susceptor support shaft 105 to 
drawing 18. Since the wafer is supported only by the pin 109, all backward front faces and all forward front 
faces do not contact other solid-state heat front faces (except pin 109) substantially [ a wafer ]. Furthermore, 
a wafer is arranged in the most distant possible location from the hot susceptor 101. The cooling rate of a 
wafer can be doubled [ about ] by lifting a wafer from a susceptor 101 (that is, an average cooling rate 
increases [ second ] in about 10 degrees C - 15 degrees C/second to about 25 degrees C - about 30 degrees 
CI). 
[0075] 

In an alternative embodiment, a desired cooling rate can be obtained in the epitaxial vacuum evaporationo 
reactor which has an after [ disconnection ] surface wafer support device like the aforementioned pin 
support or a ring support, and changes. By using an after [ disconnection ] surface wafer support device, a 
heat insulation operation of a susceptor is removed, and a wafer can be heated more quickly and it can cool. 
Generally the wafer on a pin support or a ring support is cooled to the wafer supported by the lift pin above 
the susceptor generally especially cooled at about 25 degrees C - about 30 degrees C/second in rate at about 
70 degrees C - about 100 degrees C/second in rate. Since an after [ disconnection ] surface wafer support 
device can unify heat treatment which forms an exposed region at an epitaxial vacuum evaporationo 
process, it is desirable without the additional physics contact which can do damage to a wafer and which 
puts a wafer on a pin. 
[0076] 

The ununiformity hole profile manufactured by this invention is the mold of the precipitation of oxygen at 
the time of a wafer being heated behind. Although a sludge 95 is formed in the field 94 of the wafer base 
material 4 with which oxygen crowds quickly and contains a high-concentration hole when the wafer base 
material 4 (refer to drawing 14) is heated especially, in the field 93 near the wafer front faces 3 and 5 
containing a low-concentration hole, and 93', it is hard to crowd. Generally, oxygen forms a nucleus at the 
temperature of about 500 degrees C - about 800 degrees C, and grows up a sludge at the temperature of 
about 700 degrees C - about 1000 degrees C. If it takes into consideration that follow, for example, 
ununiformity distribution of the oxygen sludge 95 in a wafer is performed in many cases at temperature with 
the heat treatment cycle of an electron device production process near 800 degrees C, it will be thought that 
it is formed between such heat treatment cycles. 
[0077] 

Formation of the mold of the crystal-lattice hole in a wafer and the following precipitation of oxygen may 
carry out at any time between a wafer and/or a device production process a condition [ the following down 
stream processing not extinguishing an oxygen sludge nucleation core / oxygen sludge ] (for example, the 
next heating of the wafer to sufficient temperature in time amount short enough for dissolving a nucleation 
core / oxygen sludge in silicon). In one desirable embodiment of this invention, formation of the mold of a 
crystal-lattice hole, and a nucleation core / oxygen sludge takes place, after making an epitaxial layer vapor- 
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deposit. For example, as mentioned above, the mold of a crystal-lattice hole is formed between the wafer 
production processes after epitaxial vacuum evaporationo, and nucleation/deposit is performed between the 
heat treatment cycles of an electron device production process. In other embodiments, formation of a 
crystal-lattice hole and a nucleation core / oxygen sludge takes place before vacuum evaporationo of an 
epitaxial layer. A nucleation core / sludge is sufficient time amount to grow up the nucleation core / sludge 
of sufficient magnitude to be equal to next heat treatment (that is, for the radius of a nucleation core / sludge 
to be larger than a "critical radius"), and is formed by heating a wafer to predetermined temperature. 
[0078] 

It is understood in view of the above that the purpose of this invention is attained. Since it cannot deviate 
from the range of this invention but various modification can be added to the aforementioned perforated 
susceptor, all the aforementioned matters are illustrated and it is understood that it is not what is limited. 
[Brief Description of the Drawings] 

[Drawing 1 ] It is drawing showing the structure of the single crystal silicon wafer which can be used as a 
start ingredient of this invention. 

[Drawing 2] It is the sectional view of the embodiment of the wafer support device of this invention in the 
field of the line 26-26 of drawing 3. 

[Drawing 3] It is the plan of the embodiment of the wafer support device of this invention. 

[Drawing 4] It is drawing of an epitaxial reaction chamber showing the embodiment of the wafer support 

device of this invention in the cross section of the line 26-26 of drawing 3. 

[Drawing 5] It is the sectional view of the embodiment of the wafer support device of this invention. 
[Drawing 6] It is the sectional view of the embodiment of the wafer support device of this invention. 
[Drawing 7] It is drawing of the epitaxial reaction chamber of this invention showing the embodiment of a 
wafer support device. 

[Drawing 8] It is drawing of the epitaxial reaction chamber of this invention showing the embodiment of a 
wafer support device. 

[Drawing 9] It is drawing of the epitaxial reaction chamber of this invention showing the embodiment of a 
wafer support device. 

[Drawing 10] It is drawing of the epitaxial reaction chamber of this invention showing the embodiment of a 
wafer support device. 

[Drawing 11] It is the graph which compares the resistivity profile of the epitaxial layer vapor-deposited to 
the silicon wafer grown up with this invention and a conventional method. 

[Drawing 12] It is drawing which measures extent of the halo in the back front face of an epitaxial wafer and 
in which showing two cloudy maps. Drawing 12 A is the map of the wafer which does not have the back 
surface smoothness after epitaxy manufactured using the conventional method, and drawing 1 2 B is the map 
of the wafer which does not have the back surface smoothness after epitaxy manufactured by this invention. 
[Drawing 13] It is drawing which compares the nano topography on the front face of front of an epitaxial 
wafer and in which showing a surface nano topography map. Drawing 13 A is the map of the wafer 
manufactured using the conventional susceptor, and drawing 1 3 B is the map of the wafer manufactured 
using the susceptor which opened the through tube. 

[Drawing 14] It is drawing showing the precipitation-of-oxygen aspect of affairs of the wafer which can be 
manufactured according to the desirable embodiment of this invention. 

[Drawing 15] It is related with arrangement of the wafer in a reactor, and is EPI. It is the mimetic diagram 
showing the mechanism used in a CENTURA (trademark) reactor (Applied Materials, Santa Clara, CA). In 
this drawing, the susceptor support shaft 105 and the wafer lift shaft 107 are in an exchange location. 
[Drawing 16] It is related with the location of the wafer in a reactor, and is EPI. It is the mimetic diagram 
showing the mechanism used in a CENTURA (trademark) reactor, and the susceptor support shaft 1 05 and 
the wafer lift shaft 1 07 are in an orientation in this drawing. 

[Drawing 17] It is related with the location of the wafer in a reactor, and is EPI. It is the mimetic diagram 
showing the mechanism used in a CENTURA (trademark) reactor. In this drawing, the susceptor support 
shaft 105 and the wafer lift shaft 107 are in a processing location. 

[Drawing 18] It is related with the location of the wafer in a reactor, and is EPI. It is the mimetic diagram 
showing the mechanism used in a CENTURA (trademark) reactor. This drawing cools a wafer quickly by 
this invention, and shows the desirable location of the susceptor support shaft 1 05 and the wafer lift shaft 
107 at the time of affecting the crystal-lattice hole profile of a wafer. 

[Drawing 1 9] It is related with arrangement of the wafer in the reactor of drawing 15, and is EPI. It is the 
plan showing the mechanism used in a CENTURA (trademark) reactor. 
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A corresponding sign shows the part which corresponds through a drawing. 
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[Procedure revision] 

[Filing Date] June 8, Heisei 17 (2005. 6.8) 

[Procedure amendment 1 ] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] It is a single crystal silicon wafer, 

The silicon wafer base material with which it is a front front face and a back front face almost perpendicular 
to a medial axis and a medial axis, a perimeter edge, and the silicon wafer base material that has the radius 
which extends on the perimeter edge of a wafer from a medial axis, and this back front face does not have an 
oxide seal, and does not have a chemical-vacuum-deposition process induction halo substantially, but this 
silicon wafer base material changes including P type or an N type dopant atom; it reaches. 
Epitaxial silicon layer of which resistivity is an epitaxial silicon layer on the front front face of the silicon 
wafer base material substantially characterized by the axial symmetry field which extends outward in radial 
on the perimeter edge from a uniform medial axis, the radius of a silicon wafer base material is [ the radius 
of this axial symmetry field ] about 80% at least, and this epitaxial silicon layer consists including P type or 
an N type dopant atom; 

The single crystal silicon wafer which **** and changes. 

[Claim 2] The single crystal silicon wafer according to claim 1 with which a front front face and a back front 
face have a specular gloss. 

[Claim 3] The single crystal silicon wafer according to claim 1 from which the resistivity of an axial 
symmetry field changes at less than about 1 0%. 

[Claim 4] The single crystal silicon wafer according to claim 1 from which the resistivity of an axial 
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symmetry field changes at less than about 2%. 

[Claim 5] The single crystal silicon wafer of the radius of a silicon wafer base material according to claim 1 
whose radius of an axial symmetry field is about 90% at least. 

[Claim 6] The single crystal silicon wafer according to claim 1 whose radius of an axial symmetry field is 
about 100% of a radius of a silicon wafer base material. 

[Claim 7] The single crystal silicon wafer according to claim 1 which is the thickness whose epitaxial 
silicon layer is about 0.1 micrometers - about 200 micrometers. 

[Claim 8] The single crystal silicon wafer according to claim 1 which is the thickness whose epitaxial 
silicon layer is about 2 micrometers - about 30 micrometers. 

[Claim 9] The single crystal silicon wafer according to claim 7 characterized by the epitaxial silicon layer 
with the 0.5mm x 0.5mm nano topography which is less than about 1% of the thickness of an epitaxial 
silicon layer. 

[Claim 10] The single crystal silicon wafer according to claim 7 characterized by the epitaxial silicon layer 
with the 2mm x 2mm nano topography which is less than about 1% of the thickness of an epitaxial silicon 
layer. 

[Claim 11] The single crystal silicon wafer according to claim 7 characterized by the epitaxial silicon layer 
with the 10mm x 10mm nano topography which is less than about 3% of the thickness of an epitaxial silicon 
layer. 

[Claim 12] The single crystal silicon wafer according to claim 1 with which a silicon wafer base material 
and an epitaxial silicon layer have the electrical resistivity of about 100-ohmcm - about 0.005-ohmcm. 
[Claim 13] The single crystal silicon wafer according to claim 1 which a silicon wafer base material has the 
electrical resistivity of about 0.01-ohmcm - about 0.03-ohmcm, and has the electrical resistivity whose 
epitaxial silicon layer is about 1-ohmcm - about 20-ohmcm. 

[Claim 14] The single crystal silicon wafer according to claim 1 which a silicon wafer base material has the 
electrical resistivity of about 0.005-ohmcm - about 0.01-ohmcm, and has the electrical resistivity whose 
epitaxial silicon layer is about 1 -ohmcm - about 20-ohmcm. 
[Claim 15] A silicon wafer base material 

Midplane parallel to the front front face and back front face between a front front face and a back front face; 

The front surface layer which consists of a front front face including the field of the wafer which extends in 
the distance Dl of about 10 micrometers at least toward midplane; it reaches. 

Bulk layer which consists of midplane including the field of the wafer which extends in a front surface 
layer; 

It has and grows into a pan and; silicon wafer base material, 

It has ununiformity distribution of a crystal-lattice hole, and in this distribution, (a) bulk layer has crystal- 
lattice hole concentration higher than a front surface layer, it has the concentration profile in which (b) 
crystal-lattice hole has the peak concentration of a crystal-lattice hole midplane or near the midplane, and 
concentration of (c) crystal-lattice hole is characterized by decreasing mostly toward the front front face of a 
wafer from the location of peak concentration.; 
A single crystal silicon wafer according to claim 1 . 

[Claim 16] The single crystal silicon wafer according to claim 15 whose Dl is about 50 micrometers - about 
1 00 micrometers. 

[Claim 1 7] A silicon wafer base material 

Midplane parallel to the front front face and back front face between a front front face and a back front face; 

The front surface layer which consists of a front front face including the field of the wafer which extends in 
the distance Dl of about 10 micrometers at least toward midplane; it reaches. 

Bulk layer which consists of midplane including the field of the wafer which extends in a front surface 
layer; 

It has and grows into a pan and; silicon wafer base material, 

It has ununiformity distribution of an oxygen sludge, and in this distribution, (a) bulk layer has oxygen 
sludge concentration higher than a front surface layer, it has the concentration profile in which (b) oxygen 
sludge has the peak concentration of an oxygen sludge midplane or near the midplane, and concentration of 
(c) oxygen sludge is characterized by decreasing mostly toward the front front face of a wafer from the 
location of peak concentration.; 
A single crystal silicon wafer according to claim 1 . 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipd 1/5/2006 



Page 3 of 1 1 



[Claim 18] The single crystal silicon wafer according to claim 17 whose Dl is about 50 micrometers - about 

100 micrometers. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0018 

[Method of Amendment] Modification 

[The contents of amendment] 

[0018] 

When drawing 1 is referred to, the single crystal silicon wafer 1 has the wafer base material 4 with desirable 
having the radius 9 which extends on the perimeter edge 2, and consists of the perimeter edge joined to the 
virtual midplane (virtual longitudinal plane of symmetry) 7, the front front face 3, and the back front face 5 
between the front front face 3 and the back front face 5 almost perpendicular to a medial axis 8 and this 
medial axis, a front front face, and a back front face, and a medial axis. A back front face does not have an 
oxide seal. Since a silicon wafer generally has some all thickness change (TTV), distortion, and curves, the 
central point between all the points on a front front face and all the points on a back front face should be 
strictly noticed about not becoming a flat surface. However, in fact, since there are generally very little all 
thickness change, distortion, and deflection, it can be said very in approximation that the central point 
becomes a front front face and a back front face mostly in equidistant virtual midplane. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 00 1 9 
[Method of Amendment] Modification 
[The contents of amendment] 
[0019] 

A wafer is made to contain one kind or the dopant beyond it, and the property of various requests can be 
given to a wafer. For example, a wafer can be a P type wafer (namely, the element from the 3rd group of the 
periodic table, for example, boron, aluminum, a gallium and an indium, the wafer most generally doped by 
boron), or an N type wafer (namely, the element from the 5th group of the periodic table, for example, 
phosphorus, an arsenic, antimony, the wafer most generally doped by phosphorus). As for a wafer, it is 
desirable that it is the P type wafer which has the resistivity of about 100-ohmcm - about 0.005-ohmcm. 
About the silicon which doped boron, the aforementioned resistivity value corresponds to the dopant 
concentration of abbreviation 1.33x1014 atom / cm3 - abbreviation 2x1019 atom / cm3, respectively. In an 
especially desirable embodiment, a wafer is a P type wafer (generally it is P — it is called silicon) which has 
the resistivity of about 20-ohmcm - about 1-ohmcm. In other especially desirable embodiments, a wafer is a 
P type wafer (generally called P++-silicon) which has the resistivity of about 0.01-ohmcm - 0.005-ohmcm. 
In other especially desirable embodiments, a wafer is a P type wafer (generally called P+-silicon) which has 
the resistivity of about 0.03-ohmcm - 0.01-ohmcm. 
[Procedure amendment 4] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0043 
[Method of Amendment] Modification 
[The contents of amendment] 
[0043] 

Reference of drawing 3 shows the plan of the perforated susceptor 12 which has the inner annular shelf 13 
and the porous front face 14 which has two or more holes. The perforated susceptor used for the reactor 
which has back surface wafer handling also needs the wafer lift pinholes 23, 24, and 25 on the porous front 
face 14, and they enable the lift pin under the perforated susceptor 12 (not shown) to carry or lift a silicon 
wafer between epitaxial vacuum evaporationo processes and to the back at the perforated susceptor 12. The 
marginal ring 27 (see drawing 4) surrounds the perimeter of the perforated susceptor 12, and ensures 
temperature homogeneity in a silicon wafer. Generally the marginal ring 27 has a diameter larger about 4cm 
- about 10cm than the perforated susceptor 12. 
[Procedure amendment 5] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0046 
[Method of Amendment] Modification 
[The contents of amendment] 
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[0046] 

Reference of drawing 4 shows the epitaxial reaction chamber 30 used between the epitaxial growth 
processes which use the perforated susceptor 12 of this invention. The perforated susceptor 12 is attached in 
the rotation supports 31 and 32, and is made into the magnitude and the gestalt which support the silicon 
wafer base material 4 on the inside annular shelf 1 3 between epitaxial vacuum evaporationo processes. The 
silicon wafer base material 4 has the relation which opened the holes 15, 16, 17, 18, 19, 20, 21, and 22 and 
spacing of the porous front face 14 of the perforated susceptor 12. The lift pinhole 23 enables it to contact 
the silicon wafer base material 4 through the porous front face 14 of the perforated susceptor 12, by it, 
before an epitaxial vacuum evaporationo process and to the back, the silicon wafer base material 4 can be 
carried at the perforated susceptor 12, or a lift pin (not shown) can raise it. The epitaxial vacuum 
evaporationo room 30 also has the upper part of the perforated susceptor 12, and the thermolamp arrays 33 
and 34 for heating between the epitaxial vacuum evaporationo processes arranged caudad, respectively. Gas 
inlets 35 and 36 enable installation of the clarification gas between the preliminary printing phases of an 
epitaxial vacuum evaporationo process, by it, can introduce clarification gas into the upper part of the silicon 
wafer base material 4, and a lower part, and can raise removal of the natural oxide on the front front face 3 
of the silicon wafer base material 4, and the front face 5 of back. A gas inlet 35 introduces the source gas of 
silicon content which flows the upper part of the silicon wafer base material 4, and a gas inlet 36 introduces 
hydrogen or inert gas under the silicon wafer base material 4, the flash plate of the back front face 5 of the 
silicon wafer base material 4 is carried out, and it is made for an out-diffusion dopant atom not to go to a 
front front face between epitaxial growth steps. As shown in drawing 4, it is desirable that the gas 
introduced into the epitaxial vacuum evaporationo room flows in parallel with the front front face and back 
front face of a silicon wafer (however, an parallel flow pattern is not required). It makes it possible for the 
introduced gas to contact a front front face, and for such a flow pattern to pass a susceptor through the hole 
on the front face of a susceptor, and to contact the back front face of a wafer, or [ that possibility that a 
silicon wafer will be lifted and will deform from an annular shelf by the gas which exudes between the edge 
of a wafer and the edge of an annular shelf since gas flows in parallel with a silicon wafer and it does not 
flow perpendicularly decreases notably ] — or it is removed. The gas introduced into ** 30 from gas inlets 
35 and 36 is removed from the epitaxial vacuum evaporationo room 30 through an outlet 37. 
[Procedure amendment 6] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0053 
[Method of Amendment] Modification 
[The contents of amendment] 
[0053] 

1 . Pin Support 

One embodiment of an open type wafer support device has at least three pins which extend from a rotation 
support like the device used for Steag(trademark) SHS3000 quick heat Annie Ra, and changes, and this pin 
touches the back front face of a wafer by the inside of the perimeter edge of a wafer, and supports a wafer 
between epitaxial growth processes. Reference of drawing 8 shows the epitaxial reaction chamber 30 used 
between the epitaxial growth processes which use a pin support of this invention. Three pins 70, 71, and 72 
are attached in the rotation support 74, and are made into the magnitude and the gestalt which support the 
silicon wafer base material 4 between epitaxial vacuum evaporationo processes. The epitaxial vacuum 
evaporationo room 30 also has the upper part of the wafer base material 4, and the thermolamp arrays 33 
and 34 for heating between the epitaxial vacuum evaporationo processes arranged caudad, respectively. Gas 
inlets 35 and 36 enable installation of the clarification gas between the preliminary baking phases of an 
epitaxial vacuum evaporationo process, and clarification gas is introduced into the upper part of the silicon 
wafer base material 4, and a lower part by it, and they raise the natural oxide removal on the front front face 
3 of the silicon wafer base material 4, and the front face 5 of back by it. A gas inlet 35 introduces the source 
gas of silicon content which flows the upper part of the wafer base material 4, and a gas inlet 36 introduces 
hydrogen or inert gas under the wafer base material 4, the flash plate of the back front face 5 of the silicon 
wafer base material 4 is carried out, and it is made for an out-diffusion dopant atom not to go to the front 
front face 3 between epitaxial growth steps. It also has ****** 75 and 76, it changes, and the epitaxial 
vacuum evaporationo room 30 raises separation of the vacuum evaporationo gas from purge gas. The 
marginal ring 77 also has and changes on a stanchion 78 and 79, and the epitaxial vacuum evaporationo 
room 30 raises the temperature homogeneity on the front face of a wafer. 
[Procedure amendment 7] 
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[Document to be Amended] Specification 
[Item(s) to be Amended] 0060 
[Method of Amendment] Modification 
[The contents of amendment] 
[0060] 

L Proper (in thorin chic) gettering single crystal silicon wafer 

As mentioned above, the wafer manufactured using the Czochrlski method has about 10 ppm - about 1 8 
ppm oxygen density. Furthermore, depending on the cooling rate of a single-crystal-silicon ingot to about 
750 degrees C - about 350 degrees C, an oxygen sludge nucleation core can be formed from the melting 
point (namely, about 1410 degrees C) of silicon. The heat treatment cycle generally used for manufacture of 
an electron device may also produce a deposit of oxygen in the silicon wafer of the supersaturation 
condition of oxygen. A sludge can become detrimentally and useful depending on the location in a wafer. 
The oxygen sludge which exists in the activity device field (namely, generally near a front face) of a wafer 
spoils the engine performance of a device. However, the oxygen sludge which exists in the bulk of a wafer 
can catch the metal impurity in contact with a wafer which is not desirable. In order to catch a metal, 
generally it is called the interior or proper gettering (IG) to use the oxygen sludge which exists in the bulk of 
a wafer. 

[Procedure amendment 8] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0061 

[Method of Amendment] Modification 

[The contents of amendment] 

[0061] 

Historically, the production process of an electron device includes a series of phases designed so that the 
silicon wafer which has the remaining part (namely, wafer bulk) of the wafer containing the field (generally 
called "the DENYU Dead Zone (exposed region)" or "sludge non -******") near the front face of the wafer 
which does not contain an oxygen sludge, and a sufficient number for the purpose of IG of oxygen sludges 
might be manufactured. An exposed region is formed among (a) inert gas in heat sequence of quantity-low- 
quantity like growth of the oxygen (Si02) sludge for example, in oxygen out-diffusion heat treatment in the 
elevated temperature (> 1 100 degrees C) over about 4 hours, the oxygen sludge nucleation in (b) low 
temperature (600 degrees C - 750 degrees C), and the (c) elevated temperature (1000 degrees C - 1 150 
degrees C) at least. For example, F. Shimura Semiconductor Silicon Crystal Technology Refer to p.36 1-367 
(Academic Press, Inc., San Diego CA, 1989) (and reference quoted by it). 
[Procedure amendment 9] 
[Document to be Amended] DRAWINGS 
[Item(s) to be Amended] drawing 4 
[Method of Amendment] Modification 
[The contents of amendment] 
[Drawing 4] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A% 1/5/2006 



Page 6 of 1 1 



O 
CO 



CO 




CO 
CO 







r 1 




\ 

\ 






N 






N 






\ 






V 

X 












\ 

> 




































> 












\ 






> 






N 






\ 






\ 

N 






\ 






\ 






V 
X 






\ 






\ 






\ 






\ 






\ 






\ 






\ 



rxxxxxs 



A 



m 

K 

'■R 




http://ww4.ipdl.ncipi.go jp^ 1/5/2006 



Page 7 of 1 1 



[Procedure amendment 10] 
[Document to be Amended] DRAWINGS 
[Item(s) to be Amended] drawing 7 
[Method of Amendment] Modification 
[The contents of amendment] 
[Drawing 7] 
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[Procedure amendment 1 1 ] 
[Document to be Amended] DRAWINGS 
[Item(s) to be Amended] drawing 8 
[Method of Amendment] Modification 
[The contents of amendment] 
[Drawing 8] 
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g (J. GrabmaierS, Springer— Ver I ang, New York, 1982) KtiM'Ztl 

[0 0 18] 

o ->i]3y)iAi±- Jt£fc:^< £>frcD#:JS^{b (TTV) N M^&cfctfifft^ 
[0 0 19] 

As jRWK:tt*^jRT?H— „ %.rcizm*7 (sp 

t«T K-tf^^tl/c^aiM) ^§C«!:^§ 0 ^x/^ N ^100Qcm~ 

^l^^j/WtH:, ffiffi^ffiWffitt^n^nJKE. 7x10i7^/ cm 3 
~^2x10i "IR^/cms© K— hm^c*fj£T £ c #Jc£?g; L^HSfiJBtRfcfe 
^x/^i N ^20Qcm~,^J1Qcm^irL^%Wf ^P^^^i^ jttfcP- - 
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(18) #^2 003-532612 

mo. 01Qcm~0. 005QcmOgJnPP^W^"SPS!^x/N (— jRfcP+ + 3^ 

Qcm~0. 01 QcmOSirL^^-r^PSy^x^ (— j&fc:P+ -~>D n y 
) V&% 0 

[0 0 2 0] 

cm3 —159x101 7 m^/ctrf (fv^^nti ^]10ppm~^J18ppm (IP*.. ^x;m*i<7) 
^HhM, 000, 000fflfCO#. ^JlO-f@~^18j@cDM^M^) CASTMWP^teF— 1 2 
1-80) , jRWfc:tt N mxlO^MT/cmt—m. 5x1 0i J-BBVcma (IPS. 

^J12ppm~$Ul7ppm) ©msHmg^Wt-'So 
[0 0 2 1] 

jS^«^^rc*ffi^Wbr^c^ 0 xtf*4^>^;l/Jlfcj\ ^XA^cii^t 
T&£<, f-fefci^xA©— fflS;£ttfci£*£-£Tt>«fci,\ ) 01^#Rg"r«fc. x 

gp^tc few- s x t° # 4^ -r ivmcDW^ tc a^mtm^ti^o 

[0 0 2 2] 

nv^x/^ ^tie.cD^ffifc N JgSfcfcevh (COP) *#T5«^^v\ 

^ffi^ttsci*^?n§o cop^ssift^w£%^®^rr£^x/^± 

ciim^o ^©J^fcxif^s/^vjBtt, cop%^£^\ 
x/^ffi^fig-rSo CtUis fiafiOfb^W^EOaiJS^^So SchmolkeP> N The 
Electrochem. Soc. Proc. N ^98— 1# N p. 855 (1998) ; Hi rofumi £ 
. Jpn. J. Appl. Phys. N !H36# N p. 3565 (1997) #M 0 — )&fc: N -J?x 
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(19) 003-532612 

. 25 m~^J1 ^ Ht>£?2; L < &£<J0. 5 ptm~*tH /i mCDjp^^rr £ 0 
[0 0 2 3] 

[0 0 2 4] 

T, B«©/P##TO3/im*CfcSlfrS\ ^xv^McQjp&cDMW^ $J30nrrtfcfiS 
HB150nm*«^feS<D##3:Ll/\, <fcOS?£L<&, £^ x/vg®<7)jp&<7)^ 
ftJi. ^30nm^M~^100nm^$t^££o x^^^WpcDj^te. Fourier 
Transform^^M^ (FT I R) ^fffltt, ^x/vgffiO^ < OjbvDj&lcfc ' 

[0 0 2 5] 

(ffl%.lf^ *7JLS^W£> 0. 5mm x 0. 5mm. 2mm x 2mm^/cti1 Omm x lOmmOiH 
y If 33 <£ #f Jg<D £ 9 & x/ Nftygfc: £ 5 *^ x tf * ^ ;1//l<9JP#<D^{b 
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(20) #^2 003-532612 

mftiis&zft^ (Mfo mmmmcD^nrnm^Xitmo. i5^m~^o. 18pm 
•ess) o xif^^t/i/^y nyjicD-^y h#?^y^—<Dmm, "tv-tM 

x if £ ^ ;VliIg©FI©7x; ImWkK <fco T£ C 5 *7 n 

ttSlttg^t^ 'J7h If 0 s ^tf M$ 'J7h tf 

ifi<'±o^i/N©M«*fflfflo^fca*S^tcipS»*^So 'J7b If 

40nm N BOninasfcfcfc^ftJKJh) £r£C£ 0 
[0 0 2 6] 

2fc^Olo©HfifiJil^fc^V^r. 0. 5mm x 0. bmnffifflDj-/ hftV^y-f — 
ti. SfgLOi, xtf#^*;Wl<2g®Jp#©i|fci%^ N £D£?£L<&gc . 

fi£oT, 3/ioi©xk°^4 : ^i';Htoi/>Ttt 0. 5mm x 0. 5mmffiSE<D:JV h# 

#£L<«fa30nm*?Sis £ D L < tt*?J20rw*?li. 
L<tt^10nm*SS*efeS o #f8l|J!Offi©llffia^te:fel^T. 2mm x 2mmfig«©:J- 
>h#^:7>f— fct % #3:-L<tt, xif ^^->^;I/M©g^/P^^j1%*p. 

. 3%7fc8re&£ 0 fl&OHSfi®^tc43l/>T^ 10mm x lOmm^^^y h^77^ 

[0 0 2 7] 

. xif^^/i^&iTjifcJu xtf^^;W»^M^Wc||3»t-&f^ .^x 



-20- 



(21 ) # m 2003-532612 

®:fc££mK6^C:£:f«®£\ ft^X He, Ne, £fc&Ar) , H2 V HF# 

X, HCI#X, ^^«^^^I^^^^^«?t^X^SSb^:^e.tT9 

[0 0 2 8] 

tcitoT. ^x/^MOH^^^^fc^U--9 s -^-X^X^^---T^^I@I 
t?/>n— jo^^l^v^x/^^M^C^o 
[0 0 2 9] 

^£&£]IE&, ^XMrt©@^^®^ffiS^^LT^±tfS©f«:^^p«3gpjS 
CfiP^s X'J7^) o ^750^~^800 , C7l5^Cfe^S^x/^li3i6P 
8&fcfc. XiJy^fiDi*4IHT?l4j5:^ ^800~900°C^5>^1 150—1 200 o C^\O 

^xMom^p^is x'j77°^£i:^o mmz K-ev^nfox/N cm 

sfc^jfctfK— Vyp-Ztls ^IQcm—^IOOQcmOjgJfL^W-r^^XM) 
&X'J 7^ffC^W^C ^»^f;:o C<D|fflffi*3KttSfcJ6fCs ^800 
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(22) <&m 2003-532612 

[0 0 3 0] 

ft£#itU SfSMOr^^^600 o C~^1200°C. $? 3: L < < £ fc^Jl 100 

°C, iD^Ktt^ ^fe^J1150°C^iill5-r§ o >"J 3^WX 

L<fcfc. g^^>K£^£LTfr£>30TO(p^ cfcD§f^L<«, g^^^K 
[0 0 3 1] 

. {tmMWte, le^^Vt ;«#SJS£§. WAfcf. EPI CENTURA (SS^flO 
MJfS§§ (App I i ed Materials, Santa Clara, CA). iC&h^T, v"Jn^t 

/v-^^mmm^y^-^comm^mm-r^ ci^ 0 ^b^cd^^ 

miC&^Tlt^ ^V^iy^mT&U^'&fiX (0O*fcf, SiCU s SiHCIs. SiH 2 c 
l2s SiHsCk gfc&SiHO ^^§SiMt^x;^iffi^Iltl»o SIB 

•V%>%>o SiH 2 Cl2^M-r§^. MM<Dm(DEilfo%%l£t]l,^ 1^500-^760}^ 
ftWSLl^o LO±. l^t<M<7»l> n>^±SiHCl3l?fe^o Ztilt^ 

mo^v^>m&9fr-&<9i$.m&v&z>o ^-s^ siHcis^ffl-r^oit: 0 ^^^ 

[0 0 3 2] 
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(23) #S 2003-53261 2 

[0 0 3 3] 

. '5/im/#~S?J4. 0/im/^TfeS<D*W*b^o Cft«\ MA if. ^J1050°C~1 
150°CO7&g. ?&1L/#~^20L/#(MjSt?. m. 5HE-;l/%OS-iHCl3*5«ktf^97 

[0 0 3 4] 

s *?J0. 03ppm<DB2He^*rrS3?HSC (BP'S. 1, 000, OOO^KD^tfXtC^f L 
T&JO. 03^;1/(7)B2H6) fflbt, #J1 0 Q cmOSirC^ £:n fl, 

[0 0 3 5] 
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(24) #g 2003-53261 2 

ti^Epsikon G£0i£8O 3L¥$*frfrfcm%%%mm-?Z>m^ ^-i/tfXl* 
[0 0 3 6] 

[0 0 3 7] 

jilt. ^s^^/^-^T^to^w^L^o $f^u<«, m 

[0 0 3 8] 
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(25) #82003-532612 

(c) !>x;>©tgI*^-^XfLi«tS. xe*4^*;l/28&»X5gT? 
[0 0 3 9] 

Cf^x/^^S|SI|te^©J&^brjSSo *^JCfe^T. +mz7#— a\ «7X 
^OfuSffi^i:^^x^cD||@«j^^:m^®{c»^^^-y:§ ^x^Jirx^ 

-fxtitM e>n^ 0 v^^<Dmmm&&x?^mKffift*&m , $-&% tunc 

5>iC. -)XA5i^WXit xe#^^;l/^«Xg©PJfc:^X^c7)^ffifr 
[0 0 4 0] 

^x^^as^vrxii. #ys#x. ^cM^tfx&^tf^-^tfx^ ->U3 

^x/^JtfVUXa, M^tf 150mm, 200mm$5 ^moOnnni^fcfi^nJ^XO^x 
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(26) #«2 003-532612 

4 Y &—mc'P%: < t £>#J99% N <fc 0 L < te'Pte < £ &&J99. 9%. Jftfc # 
$ L < ,&4>& < £ t>f*j99. 99%©£E#^:7 r-f ht^§ 0 ^77^Ki 

itf-7^;i/feMt§ 0 p^yr* Y%m5mmm%rci±tf^xnmmtm 

it, — jftfc: 1-575 m~$J 150 jim, L < ii100/iin~^J125/xiiiCDj¥^Wr§o 
[0 0 4 1] 

^t§ffiIf/WX^LT^otfc<tV\ iAH I'J^ (edge ring) 

ffinfc^SHtfcffiLt^SttSJ (dividers) ^Ltiotfcj;i\ +H?:/^- 
[0 0 4 2] 

1. yjL/^mm^micm^nv-^y^— 

s 17, 18, 19 N 20. 2143«fctf225&W*rS^dFL^D514^#-rSo iSlD^hA 
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(27) #3 2003-532612 

>VV>Jf (robotic handling) ^ft«f-^XAS{SS| Applied 
Mater ialste«koT«ai*nS Centura (gfii&HD KJStg) fcti&B^nSWJL 
tf-fe 24:fc<fctf25 (Ba^r^ ®3#M) 

fc^fctSo cnfclftLT. ASMJC<fcoT»!3i$nS#— ^x/NEpsi Ion (2£» 

■r^o Mn**r*"3£?L^B5i4fcj\ >'i>:3>^x/N^4^<H c &ci3ffi£n& 

§I»t§o MM^iiffl-r^M^s m-9-fe^-12^?L15. 16, 17, 18. 19, 
20. 21fc*tf22*gBtt§o ^^^^v'-V^*Xg^#M^^Pi^^tC. ?L 
15. 16, 17. 18. 19. 20. 21£>£tf22te:. m&tf*t>\ J"j3y^i/^4<0 

^*^^«^S*rSo ?L15, 16, 17, 18, 19, 20, 2143«fctf22fci\ xfcf*^ 
[0 0 4 3] 
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(28) mm 2003-532612 

, 24&£tf25£> i frM£U W?L+^-fe^-12cDTOU 7 h H 0 ^ (0^ 

o 

[0 0 4 4] 

mm&rcitij^xmmmwm (*?n-7z-fcn?t%>tf remedy z-icmmz 
n^^-gr) b\ n%mmmcy'vv zrz>frWirci±m^'z\ -R^m^w^n 

T%&£<D£?tem<DB^&^T&£^££%mmmtemMTz><> man. 

L<l±m. 1mm~^3mm. X D £ L < l±m. 1mm~^1mm. H£>$?£ L < lif^O 

U :n^>^L5££?^ WTL^-fey^— <D'R<Dmm%:$>tfZ>o mo. 5mm~ 
^J4cm. ckD^SL<«^j2mm~^2cm, Hfe^FS L < iiltl6irim~ltl1 . ScmT^TL^ 

o 

[0 0 4 5] 
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(29) 003-532612 

^(O^Onfm&tt bfcWPL, 'J7Hfy*^Wi: ( J:oT4i;S*f hx 
x; >©±^fe «k T^OAnf^T^^T^ Jt^*i)3fii5 L T, *Tfr 5 <D/ y X£> 2: 
[0 0 4 6] 

12&, IIrtE£*31fc<fctf32MfcDftf**6>*U xt^^^l/^X^CDfigfCrtgl 
«fl813±<D^iJ □>->XMl#4^^^^fJ^j;tfiit^ti§o J"Jn> 
>>X/^#4&, W?L-9-fey^— 12tD^?L^ffi14£D^15 s 16, 17, 18, 19, 20, 2 

\&&z$22tmm%:&t<frcmmz%>z>o U7nfy*- ;i/23&, y^Mfv (h 
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(30) S^m 2003-532612 

§ 0 ai tf ^ ^ >" + ;l^«^30te .\W?L-9-fe 7°^ - 1 2<7)±# 35 «fc tf TTa Zrti^ti 
•T^o #XAP35:fc£t>*36fci\ ^\£**isvJim&JM<D¥ffij^lfm.m<OT$<D 
i^^tfT^tiALT, 5/ 17 3>^Ji^aW4^tu^ffi3fecJ;m^®50@ 

ytyzL/Mc^ftfcWin^ ^mz%tti%:^<D~?:\ $/ym/*73L/\tn^ ^ouj^omt 
$n§^rx«s tBP37^iioT^34^e>i^*$ti§ 0 

[0 0 4 7] 

iiSM-r^ci^^Rr^u ^titc^oT. ?f^k©pgos. feitfxe^^ 
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(31) #^2 003-532612 

[0 0 4 8] 

^ffi5ii. W?L-9--tr7°^— 40£7)^?L^ffi4Ucii:^ti:«oTi/^o v"J3>«>x 
T^Mti^X^ 7^42. 43. 44, 45, 46. 47 N 48:}3 ( £tf49>£MoT^?Utffi 
[0 0 4 9] 

&o ^?LSffi5Ui. im^^^n. ^tilc&^Ts Z/V ziy^73L/\mUA(D^m2it 

^Ji^m5] tm^mcmi^ri^\ mmomiz, 5^52, 53. 54. 55. 56, 57$? 

[0 0 5 0] 
[0 0 5 1] 
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(32) 003-532612 

^^l/^cS^) £51 LT, ^LfcfeS^fcii±^ofc (up) 

%> 0 mmic jL\£^^y^;w>v u>m<D&&<Dm^ xh°^>^;i^«^3o 

[0 0 5 2] 

o x^^^^t;Plfftfettl.«^xA^fVUX^ffl{i, m 

<fc5fc:U ^D^-^xtf^^-wWl (ip-^ M^Lfc^y Yft^y -~) 

[0 0 5 3] 

1. t?^*. 

IfW^XA^fVUX^IO^iiMi. Steag (f^]g#J SHS3000ffl 

^fgs^cDtfy^^ffl-r^. xif^^>/tMfiiioritcfffl?n§xtf^ 

4^-w]/£j£M30/b^£nT<^& 0 300^^70. 7143^^72^. Isli53^74fc: 
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(33) &m.2 003-532612 

t$fc*<tt;wi:?ti§ 0 ^z^y^frMW^uz, ?^^mmo±jj3s& 
m3$s£tf34&mtz> 0 ^xAP35^cfct;36^. ^^^y^^mmnmco^m 

3&£m£^M5?)g£M-4^> F^^[r]±^^:^o ^t: 0 ^^>^-v;V^cSISPi^^ 
frA^l/^a^-r^o xlf*^$/*;«;£^34fcJ:. lf±TO<ttf76fc^LT^ 
[0 0 5 4] 

2. U 

09^#j?rr3£. SJR^SIFJ^^^T, ^^jff^-TXfci:, Applied 
Materials^ «fc oT^3t$n§Centura MWfi{Cfi?n 

[0 0 5 5] 

H. *^©xtf^^->^;l/^?£OW^j'l4 

fffltt, $J2. 75pmOjp#<DX^^^/W!%. 005Qcm~^jO. 01 Qc 

mOffitn:^^WrSiS#200mmO*^^ K— If >^x^S#^«b^ 0 01 1* 

#B8-rs£ % s^bb^^k^— ;p*wrs^xy>tt N ^^.^mmc^rmn 
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(34) 2003-532612 

[0 0 5 6] 

m^2^%:mmTZ>t^ Tencor (§®M0 SP1»Dvy7°te. \* is 

y n ym tZMmT 3 £ £ £ o T£ C Tc'&mW ^ n —<d$lW%: & o $ t> ^LT 

[0 0 5 7] 

m\3A%mmT2>t, ade cubist) cr-83 sQu^-y b^^y^—^yf 

[0 0 5 8] 
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(35) #g 2003-532612 

48^07^ GKN. 95^:/cm2 L ; m^7 5 ^-C«, Jftl.' 02mm<D 

[0 0 5 9] 

iHzy^-c (/j^v^it^TXwr^^-tT 9 ^-) wits 

20nm<D-fJ ht^77^-^U ^^-C^ffl LTS3tLfc<>x;^ 
[0 0 6 0] 

i. mm?v$v>?m%§&isv=iyyjLs\ 

3KH8ppmOiBI«*a%Wr*o ^yny©^ (BP"5 N ^1410°C) ^e> 

. ^750 o C~^350 o C--\<7X f|g H B H v"j3W>'3 7 f^Igtft#tt, & 
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(36) <&m 2003-53261 2 

Sfttiif^'^'J^ (IG) ii^n^o 
[0 0 6 1] 

x^wi/^) ^wrs^u 3>*«Bfi-r*«fc5K:fati-*nrc-ai©©isg*$tyo' 

fttHf^*. W*fc£. (a) ^tti7X*> fcfe»4I^HtefefeSiSS (> 

1100°C) (b) (600°C~750°C) T?(0«*«fffii» 

W&tiL &<fctf (c) O000°C~1150 o C) T*(DWm (Si 02) ^m%©^c5o 
iS-fS-^^/lii^^43l/>T^^tl^o Wfcfc^ F. Shimura, Se 
miconductor Silicon Crystal Technology, p. 361—367 (Academic Pres 
s, Inc. , San Diego CA, 1989) Cte«ktf*ftte3lffi£ftTl^S:fc»D 

[0 0 6 2] 

lot, ^tt^vwx^^^^^^m^m^i^iBBu/cp^^^c 

[0 0 6 3] 

o oo/34999#m) o -jKKs ^te^TKDii^^-rs^ir^^owBfa 
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(37) &m. 2003-53261 2 

[0 0 6 4] 

01 4«\ *mmic «fc o rsBg l rc?3Lss<Dbummmic «t o u 5 s 1 o<d 

m^feS. igfft#fffiW#1^93£93' ©Hlc. Hg^te^-^mgO^WfiH 

m^wsi*. < t fei<j5xi 08 mmya/cnp N * d s? * l < t±£uixi 09 m&Ms/o 

[0 0 6 5] 

T*&£ : (a) >J/x;^ci§-(i:Mt§, ^?*©iBMS?fc«fc 
tf£?L*f (IP^, Frenkel&HB) %mi£U (b) ^x^#£ir§^5£ftL7c 
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(38) §12003-5 3 2 6 1 2 

[0 0 6 6] 

■kBft<Dmma$^T, >>x/^ £fe&1j1175°C<7)?t« (soak) 

Jn»t5©^LV\ £D£7£L<&. ,f<]1200 o C~l<]1300 o C, «fc»Sb<tt 

Li^Ht±— mem o#~^i 5#t?fe s o — m&i%:m&(Dm%fc<D^ t? z * * ;v 

[0 0 6 7] 

-a-it^xi, ooo, ooo^e/wcotr 300^/^02) 

•efe§o Kigali. «kD»*b<«43Kj300ppm~*?l2000ppnk *fc#3:.L< fcfc*?|3 
00ppm~^500ppm*efeSo Hfb*ffl£W>38 ^'J3>iffi^cli^^> 

[0 0 6 8] 

b**nm^mh%:^nmmz, jgTctfx cm^^h 2 ) 
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(39) #82003-532612 

fcli^F fe&tfX (0J&fc£» He s Ne, Ar N Kr& <£tfXe<D & 5 &ft#X) ^A^JS 
SCfc^-etS, »H&fcJ\ H 2 . Ar*«fetf J tn^OiS'& J l*^6*K«lK:jseS(0* 1 < 

CO 0 6 9] 

wmmiz, mimetic mmm*ft^rco£mvnmnT*ft5c£tf~e%% 

[0 0 7 0] 

muK&^Ts v^^um-hK mmumfrz, mmuig&vmBovm^um 

[0 0 7 1] 

OrfJiS^milTx-ijy^ (RTA) ^Ffcl&^TfT? C t^T^^o RTA^te. 5/ 'J 

^e>i2oo o c^m#r^TijD^'r§ci^^T#^o ^%ma^r<D#j& s ag a sso 
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(40) &m 2003-532612 

ciated (Mountain View, CA) £> ©61 OfgJK 33 tfApp I i ed Materials (S 
anta Clara, CA) fr6 ©CENTURA GSSffiflO RTPT£3o 
[0 0 7 2] 

IHA«\ M&^mwfSPg^ EPI CENTURA £J5&KT?fT*.3 c 

101*WTSo 10H±. MJ 7 hffil 07© F*3jg106tc?f 

ftiftfc:^ 0 tttf £>*ifc+hfe 3£3f 05©T— A1 03tcS^tc^ D Wf 6 ti 

[0 0 7 3] 

EPI CENTURA (fiflfcj&HD Rj^fcfefrtSJR^O/'ci&tC^x/^BBfl'rSfe 

fc, ^WF^WeiStSo 017^#M-T§^> ^'J7hl 
it, •9-fe7°^-101©±^M7b^ai^^^-r^ST\ tf>'l09^-9-tr7 p ^— 101K: 
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(41) #S2 0 03-53261 2 

tt105fci\ -y-fe^— 101 V^115fc&^Mfc:&££^±l^fc^i&L^W"3 
[0 0 7 4] 

|g H ^^^?L^i:b^^»l't4T^^^^*5V^T. EPI CENTURA (gg*i&gO 

as^&w-^x^cD— law^^^aiisa iuio°c~i5°c/#) 

fciaiastetef 5 c t § (bps. w^^fi^ui o°c~i5°c/#fr £&j2 
5°c~^3o°c/#^±iijp'r§) o 

[0 0 7 5] 

3SRfi«5ldl6«t*:fev^f s MfB© fete U v^^Ock^^lflM^ 

®^X/^^f i VWX^WbT^^Xtl 0 ^^^^;l'^«SJ^#§^4oV^T s ^tI© 

il^m^o #tC ^25^~l1]30 o C/#^MT-^^Sp-r^-y--fe7 9 ^-tD 
^x/^-|§^70 o C~I<J1 00'C/f)©IttW§o PwTOlSffi^X^if 
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(42) 2003-532612 

[0 0 7 6] 

£tf93' fCfc^Tii. fSfjfeLfC<V»o — JRJC. ^^500 o C~^j800 o C<D^-r 
[0 0 7 7] 

[0 0 7 8] 
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(43) &m 2003-532612 

im 3 ] ^^c^x^^; wxonm^^ffiK^fe^o 
[0 6] ^mnw^/^m^^xcommmm^m^m^^o 

[0 7] ^ai^^^VWX^m^^-r*fg0^xtf^^i/^;VS 

[0 9] ^x; \3£8f5*> W X OHfiSJB«*^r*5gB9©x If # ^ 

[01 0] ^x;^^VWXO^m^^-r*^Oaiif^^^-v;l/ 

[0 11] ^^«fc^t^^c*oT^$^fc^U=iv^x/Nt«:^ 
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